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OVER 


1,000,000 CUTTING 


More than 1,000,000 VICTOR torches have been 
bought by the world’s leading metalworking 
plants, shipyards, steel mills, foundries, scrap 
yards, welding shops, railroads, and others, for 
flame cutting all thicknesses of metal from light 
sheet to armor plate. Here’s why so many prefer 
VICTOR cutting torches: 


4 DIFFERENT VALVE LEVER POSITIONS 
— Operator can choose position that “feels” 


right to him. 


CHOICE OF 90°, 75°, 45°, OR STRAIGHT 
HEAD-—all interchangeable, so you can quickly 
change from one to another as work requires. 


DIFFERENT TIP STYLES—each in several sizes, 
so you may select the right tip to get maximum 
cutting speed and gas economy on your job 
for every application. 


Standardize NOW on Victor for 
cutting and welding—it will cost 
you less. Ask your Victor dealer 
to show you. 


Welding and Cutting Equipment 
Since 1910 


VICTOR EQUIPMENT COMPANY 


844 Folsom Street 3821 Santa Fe Ave. 1312 W. Lake St, 
SAN FRANCISCO 7 LOS ANGELES 58 CHICAGO 7 
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REMOTE CONTROL iets operator 
make correct heat adjustments 
right at his work—no returning 
to machine—no lost time. 


The HOBART 
700 amp. gos 
drive welder 


ata POLARITY CONTROL switch is in- 

i stant, positive—makes it easy to 
change from one type of electrode 1 
to onother. 


COOL RUNNING because air passes 
through, as well as around, the 
armature parts. End-to-center ven- 
tilation changes air twice as often, 


you’LL LIKE THE 
HOBART No.i2 
ALL-PURPOSE 
ELECTRODE 
(€-6012 ) 


CUTS COSTS for you... 


in the plant...in the field...on the road... anywhere! 


It stands to reason that if you put more takes to stand the gaff and still give top 


into a welder . . . you'll get more out of it. performance. 
Hobart has done just this. They've put Hobart’s exclusive Mu!ti-Range Dual 
in ‘‘more” in the way of engineering, ma- Control gives you a selection of 1,000 
terial, and convenience features . . . so volt-amp combinations. Remote Control, 
you can take out “more” in performance, at no extra cost, lets you make heat ad- 
Stationary Gas Drive the real key to lower costs. That’s why, justments right at your work—no returning 
i Welder con be hauled... doliar for dollar, you just can’t beat a to the machine. 
Hobart Welder. If you really want to cut your costs, 
Every Hobart has plenty of extra re- investigate Hobart Welders. Just check 
serve capacity, dependability, and long the coupon for full information. 
My life. Wherever you take them and how- HOBART BROTHERS CO., BOX WJ-41, TROY, OHIO 4 
...0f Portable can be ever you treat them, they’ve got what it One of the world’s largest builders of arc welders = 


towed right to the job. 


The HOBART 300 amp. 
electric drive welder 
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School offers HOBART BROTHERS COMPANY, BOX WJ-41, TROY, OHIO 


Without obligation, please send me complete 


d 
Complete Welding information on the items checked below. 
Training text Electric Drive Electrodes Accessories 
poges. $3. Welding School 
This modern, non-profit school is dedicated to the ad- NAME 
vancement of the welding industry. Training is thorough ’ 
and complete . . . equipment is the latest and best . . . FIRM 
instructors are experienced in both practical work and ’ ; 
teaching. Check coupon for complete information. business 
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Of the ten* leading builders of railroad 
cars in this country, eight have long been 
users of Murex Electrodes. 

Alert production men in many industries 
prefer Murex Electrodes because they 
mean better, faster welding — increased 
production rates. And, frequently Murex 
provides the answer to a difficult 
welding problem. 

*All those who have AAAA directory financial ratings 


METAL & THERMIT CORPORATION too cast new vorx 17, v. v 
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Sectional view of Nu-Tip 
electrode, showing fluted** 
water hole in new nose for 
superior cooling. 


Typical mushroomed and 
scarred electrode no longer 
suitable for production. 


important features: 


Reworked electrode shank 
with old nose removed and 
Nu-Tip nose ready for 
brazing. 


assembly with 
Nu- ip nose brazed to shank 
—ready for long service life. 


Resistance Welding Electrodes, Holders, Dies, Rod and Bars, Castings, Forgings 


Saves Critical Copper 
... Keeps Production Rolling 


That is service beyond expectation! 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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Mallory Nu-Tip* 
Spot Welding Electrode 
Conservation 


Program 


Brazing is done with a special Mallory silver solder providing a 
bond of high melting point, high strength and low resistance. 


Loss of hardness due to brazing is held within minimum limits. 
Nu-Tip noses have fluted water holes for more effective cooling. 


In exacting offset welding tests, Nu-Tip electrodes have run 
30,000 welds—have withstood repeated application of 2000 
pounds of force at a 30° angle. 


electrodes, write for technical details and prices. 


In Canada,made and sold by Johnson Matthey and Mallory, Led., 110 Industry Se., Toronto 15, Ontario 


SERVING INDUSTRY WITH 


Electromechanical Products 
Resistors Switches 
TV Tuners | ibrators 


Electrochemical Products 
Capacitors Rectifiers 
Mercury Dry Batteries 
Metallurgical Products 


Contacts Special Metals 
Welding Materials 


*Trade Mark **Patent Pending 


The latest product of Mallory research is a program for conserving 
copper vital to national defense, while at the same time providing 
Mallory customers with dependable spot welding electrodes. 


Any used Mallory electrode of straight design and of any standard 
nose type can be given a new useful life by the Nu-Tip method—a 
unique process of brazing a new nose of the same class of material 
onto a used electrode shank. Mallory Nu-Tip electrodes have these 


Nu-Tip electrodes closely approximate the performance of new 
Mallory electrodes. If you are faced with a low inventory of usable 
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PARTS 
UNLIMITED 


...in Jig Time 


Cuts Circles 


_ In large and small shops alike, the Oxwetp CM-16 
Portable Cutting Machine fills an unbelievably wide 
‘variety of oxygen cutting requirements. It cuts circles 
‘automatically. Hand-guided, it cuts irregular shapes. 
Operated on track, it cuts straight lines. 

Indoors or out—wherever steel needs shaping—the 
CM-16 makes it easy to “tailor” parts as fast as the work 
ean be laid out. And its ready adaptability for special 
Jobs is limited only by its operator's ingenuity! 

The CM-16 sets up as quickly as any manual outfit. 
It weighs only 45 lb., travels directly on the work, 
and is easy to carry from job to job. In normal use, 
it cuts up to 4 in. of steel; with standard accessories, 


Cuts Straight Lines 


it cuts materials up to 18 in. thick and it cuts bevels. 

Any Line representative will be glad to show you 
how the Oxwe_p CM-16 Portable Cutting Machine can 
boost production and cut fabricating costs in your shop. 
Write for catalog, Form 4487, or call the Liype Office 
nearest you today for a free demonstration. 


The terms “Linde” and “Oxweld” are registered trade-marks of Union Carbide 
and Carbon Corporation. 


LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street UCC New York 17, N.Y. 
Offices in Other Principal Cities 
In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 


Trade-Mark 
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35¢ worth 
of 


NI-ROD 


saves *2,000 turbine rotor! 


The cost of a foot-long, 1 
of lost time. 


/32 in.-deep groove came close to being $2,000 and six months 


That was the spot an eastern manufacturer was in. A faulty machining cut had ruined 
a high-precision cast iron rotor blade needed for a marine gas-turbine air compressor. 


Luckily, with the help of NI-ROD®, the shop welder was able to save the day . . . and 
the investment! Using only four NI-ROD electrodes, he filled the mismachined groove without 
difficulty. Thanks to NI-ROD’s easy-handling characteristics, no pre-heating was necessary. 


After welding, the rotor was finished by turning and profiling, to a +.001 in. tolerance. 


The story is typical of hundreds where NI-ROD has been used to salvage defective and 


damaged castings, repair worn machine parts, and correct machining errors . 
and precious time. 


Saving money 

If welding cast iron, whether for production or maintenance, is part of your business 
picture, you can count on NI-ROD to give sound, machinable welds on AC or DC, quickly, 
with minimum preparation ...even in the hands of welders with limited experience. 


Although Ni-Rod is currently in short supply, INCO advertisements will 
continue to bring you details of new applications and welding techniques. 


EMBLEM OF SERMICE THE INTERNATIONAL NICKEL COMPANY, INC. 
Ati. 67 Wall Street, New York 5, N. Y. 


WELDING 


ad 
; 
q 
; —— 
308 Tae WELDING JOURNAL : 


The 


colume 30 


April 1951 


esign of Rigid Frame Buildings 


§ As a means of stimulating thought and bringing out the funda- 
mentals that make for safe design in welded rigid frame struc- 
tures several case studies are made of structures already built 


by Martin P. Korn 


HE steel rigid frame is a modernistic creation 
with heavenly attributes and devilish temptations 
Especially is this true of the welded type. It can 
swing up hill, take hurdles, wind around corners in 
everything built 
Moreover it performs those turns so easily and with 


buildings, bridges, autos, machinery 


such natural élan, unlike riveted work which requires 
joints and fortifications to hold the joints. 

The heavenly attributes obtain for those who plan 
dream structures, beautiful industrial plants—any 
kind of structure so long as it is done technically and 
scientifically. Figure 1 is such an example, called a 
“Dream Stadium” by city authorities (design by 
author). Figure 2 is another example (design and con- 
struction by The Austin Co.). There are hundreds of 
others. 

But when one takes the hurdles and corners foot- 
loose and with technical abandon, the devil laughs and 
safety is threatened. 
been built that violate accepted design principles and 
building codes, a few even transgressing safety. They 
include riveted, welded and bolted types of construc- 
tion mostly of 80-ft. spans or smaller. While the prin- 
cipal reason for those violations is lack of knowledge, 


A number of structures have 


that lack has in no way served to slow down the ever- 
increasing use of rigid frames, so tempting are their 
advantages of economy, esthetic appearance, savings in 
headroom. 

To some designers the stress did not matter too 
much because of the very large margin of safety in 


Martin P. Korn is Consulting Engineer, Dearborn, Michigan. 


* Copyright 1950 by author. Upon request, permission will be granted 
without charge to reproduce this paper in textbooks or for other educa- 
tional purposes 
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Courtesy of Giffels § Vallet, Inc. 


Fig. 1 Detroit stadium, welded rigid frames, span 200 ft. 
conventional unit stresses. Moreover steel is steel, 
strongest of the strong, and somehow or other it man- 
ages to stand up without benefit of secondary stresses, 
triaxial stresses, stress concentrations, etc., introduced 
by college professors but seldom paid for by architects’ 
clients. 

Thus the past decade has brought forth a variety in 
design and shape of rigid frame construction symbolic 
of an experimental era in structural engineering. The 
haunches follow individual tastes and knowledge, 
swinging out toward center with individual thrusts. 
Some haunches are loaded down with stiffeners, ex- 
cessive welding or rivets. Others similar in span and 
stark naked without 
Each is dis- 


loads are light by comparison 
any stiffeners, web or flange reinforcing 
tinctly individual to the designer, his own creation, his 
own child. And each without fail always develops into 
a prodigy. For no matter what a technical mess some 
designers (or others) make of a rigid frame, it always 
looks striking, yes, even beautiful when completed— 
it is just that kind of a structural phenomenon, es- 
pecially the welded type. 
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Courtesy of The Austin Co. 


fissure, masonry shearing completely 
on one side of the steel column, the 
floor shearing with it part way—-wall, 
steel column and frame sinking several! 
inches down into the earth, the dancers 
seemingly petrified, their stomachs 
dropped completely. Up in the haunch 
of the steel frame which had a 
riveted splice, most of the rivets had 
sheared. A near disaster was nar- 
rowly averted. 

Report: Smali general contractor 
built footings and erected rigid frames. 
Spans 80 ft., no ties between column 
footings. Time was short, estimate 
was low, there was no architect’s 
supervision. One footing on swampy 
subsoil had been covered by loose 
rubbish backfill. Footing sank and 
slid out about 8 in. under the impact 
of the dance floor crowd. Settlement 
had previously started under the dead 


Fig. Sh Co.,. Newark, 3. load. The existence of a thrust in a 


All of the experimentation during the past decade 
was not surprising, only the speed with which rigid 
frames took hold with and without benefit of tech- 
nology. In an article by the author on “Design of 
Welded Rigid Frames,” published in THe WetpinG 
JourNnAL, June 1939, attention was called to their 
unlimited freedom for creative design. That in itself 
augured a “new world for tomorrow in building con- 
struction.”” But, with that optimistic outlook toward 

_ new frontiers for the future, there followed also the sober 

‘admonition “A ceiling on design of welded rigid frames 

“therefore becomes necessary for safety.” 

; Today that warning must be repeated in a major key. 
For those frontiers are no more. Welding’s flashes are 
Appearing on all horizons. Rigid frames are swinging 
out everywhere at an accelerated pace with magic 
Shapes and strides because of welding. The “world of 
tomorrow” has arrived today! Greetings are therefore 
@xtended at once for a happy landing. And to the 
end that it be a happy landing for every rigid frame 
design, the theme herewith is dedicated to a single ob- 
jective safety. 
_ As a means of stimulating thought and inculcating 
fandamentals that make for safe design, several case 
atu cies of structures already built will be reviewed. 


STUDY NO. 1 


In a small city, about 11 o’clock one night, a crowd 
was dancing in a new one-story steel rigid frame audi- 
torium. Near one column, unnoticed, a thin crack in 
the masonry wall slowly widens into an ominous fissure. 
Music, shuffling of feet, gay voices serve to distract 
attention from a new building foundation groaning in 
distress. Suddenly a rumbling grunt from the wall 
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rigid frame foundation was completely 
unknown to the contractor until demonstration of rigid 
frame model cut out of a rectangular rubber eraser. 
The “effect of passive earth pressure” that held founda- 
tions in lieu of ties seemed similarly strange and un- 
known to the contractor, who had erected several 
smaller rigid frame buildings. Incidentally he had an 
agency for prefabricated rigid frame buildings for farm 
and commercial use, with no strings attached to their 
sales. Quoting others “Slap down the cash and he will 
sell you a completed building up to 50-ft. span which 
you can put up yourself and he will give you free advice 
on the footings.” 

Morac: A rigid frame foundation is an integral 
part of a rigid frame; its character affects the behavior 
of a rigid frame. Separation of its design from that of 
the steel frames, common practice in steel design text- 
books, is in the writer’s opinion unsound—at least 
principal safeguards of the foundations should be 
indicated.t 


STUDY NO. 2 


Recreation building with five bays of welded steel 
rigid frames spaced 18 ft. on centers. Span 51 ft. 
Rafters 12 in. WF, cols. 8 in. WF. Knees had 4 in. 
right angle offset in bottom flange (Fig. 3) tending to 
break path of stress flow and cause failure. 

After erection of steel I was consulted to review de- 
sign. Structural outline pleasing architecturally, struc- 
tural design faulty and dangerous. Knee had '/;-in. 
web unreinforced in area of critical stress concentration, 
with every possibility for web buckling under live load. 
The 8-in. columns were undersize and understrength 
as integral part of rigid frame. Moreover they carried 


; Tt See footnote on next page. 
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additional loads from 24-in. WF beams of 54-ft. spans 
which framed into the knees. 

Condemnation of structure, seemingly the only course 
open, would have proved serious professionally and 
financially to the very competent and honorable archi- 
tects, more so than to the structural designer. Only a 
lifetime of experience aided by the Lord’s Prayer and 
more prayers for guidance made it possible for me to 
preserve that perilous structure at little extra cost 
without changing the architectural esthetic effect. 
The span, center to center of columns, was shortened 
7/sin. by steel cables with turnbuckles acting temporar- 
ily as ties between the knees. 
relieved of thrust. 


Columns were thus 
Twelve-inch wing walls of con- 
tiguous leanto were built ahead of schedule to absorb 
permanently the thrust from the roof frames at the 
roof level by means of 4-in. H diagonals, flush top with 
the steel purlins, forming with them a truss that carried 
the thrust from the rigid frames to the wing walls 


Fig. 3 Example for Study No. 2 
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Fig. 4 Example for Study No. 3 


Mora: Say the Lord’s Prayer often, watch your 
rigid frame knees especially shear value in thin webs, 
avoid abrupt changes in sections and paths of stress 
flow, never use re-entrant angles in knees, question 
your friends who use 8-in. columns as integral parts of 
rigid frames of long spans spaced widely.t 


STUDY NO. 3 


Two bents of welded steel rigid frames were built 
as in Fig. 4. Each frame had four points of support, 
two hinged under column foundations at A and @ 
and two fixed at points C and E, on 24 in. WF per- 
pendicular to rigid frames. 

Knees at points B and F were of faulty design as in 
Study No. 2. Twelve-inch rafters at supports C and E 
were continuous over 24 in. WF with bottom flanges 
flared out and '/,-in. web plates inserted to form brack- 
ets welded continuously around the 24-in. beams. 

The 24 in. WF was of simple design, 54 ft. long and 
subject to large deflection periodically under live load. 
The all-rigid and continuous rafter brackets served at 
once to buck the natural deflection of the 24-in. beam 
attempting momentarily to support it, instead of 
leaning on the 24-in. beam for its own support. Result: 
a battle of stress and strain between the 24-in. WF 
intense and 
The '/,-in. 


beams and the 12-in. continuous rafters 
short-lived, the 24-in. beams the winners. 
plate brackets connecting the 12-in. rafters to the 24-in. 
beams hit the plastic stage, then the welds fractured 
part way. 

A safe design would have made of joints C and E 
hinged joints completely. Next best design would at 
least have permitted rafters to slide over points C and 
E. 

Mora: Welding’s magical ability to unite metals 
into any shape or form of human fancy does not mean 
that its magic replaces liberty by license to violate the 
law of mechanics. Science created welding but you 
direct it. 


STUDY NO. 4 


Figure 5 is that of a small structure with about the 
simplest type of steel rigid frame, i.e., bent rafters 
simply supported at both ends, no knees or haunches at 


columns. It is one of the 57 or more varieties in form 


+ For additional material by the author on safe design of foundstions and 
knees in rigid frames (donated for educational purposes) see Ninth Edition, 
Handbook for Arc Welding, Design and by The Lincoln 

tlectrie Co 
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Fig. 5 Example for Study No. 4 


and composition to be found everywhere from coast to 
coast, no two alike, but with one factor in common— 
continuity at crown, discontinuity at columns. Some 
are homespun by local labor without benefit of design, 
standing by Grace of God, the help of masonry walls or 
hitch-hiking on safety factors. Others were built 
with varying architectural and engineering assistance 
ranging from those with few qualifications to profes- 
sionals with advanced degrees. Some of those frames 
defy stress analysis by rational procedures, being overly 
strong in parts and overstressed in others. 

The frame in Fig. 5 has span of 33-ft. c. c. cols., 
bents 10 ft. ¢. ¢., bent rafters 12 in. WF 27 lb. with 
angle ties 2x 2x '/,in.; columns are 6-in. diameter pipe. 
The tie is hardly more than a string, effective in tension 
to a limited degree under live load, useless against wind 
from side, causing compression. Consequently the 
welded joint at crown must absorb by itself moment 
due to direct load besides that due to rotation from 
wind. This in effect is the criterion determining the 
close bent spacing and affecting the economy. If 
) the tie were designed as a strut, the bents could have 
| been spaced farther apart at an over-all savings in 
Let us compare the above with a similar 
structure where emphasis was placed on the tie and the 
crown strength. 

' A rigid frame machine shop which author was asked 
‘to examine had 12-in. bent rafters identical to above 
structure in roof pitch, span 41 ft. ¢. c. columns, bents 
118 ft. c. c., rafters serving as outlookers projected 
‘beyond columns, and welded along bottom flange to 12- 


in., WF columns at D, Fig. 6. 


costs. 


P| 


Fig. 6 Example for Study No. 4 
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Plate A was '/, in. thick, the tie B a 4-in. diameter 
pipe, both welded continuously to rafter. Very heavy 
machine loads were suspended by chain block from 
plate A. By comparison with structure in Fig. 5, the 
ridge area was a fortified triangle of strength, even 
though these columns and bents were spaced much 
farther apart (18 ft. compared with 10 ft.). However, 
this structure (Fig. 6), though heavy and powerful 
topside, staggered from weakness in two areas—it 
lacked web reinforcement and/or stiffeners at poinis 
C and D where the severest concentration of stress oc- 
curred. Alterations made there in the field at large 
expense would have cost very little if done in shop with 
original design. 

The above are but two examples of rigid frame struc- 
tures in this group with vast disparities making for 
unbalanced design inconsistent with the stress behavior 
pattern, not logically thought out. A rigid frame that 
is overly strong in parts and weak in others is obviously 
uneconomical. 

Considering further the matter of stress behavior 
pattern and lack of its thoughtful consideration, it 
might be of interest to discuss knee braces which are 
frequently treated as orphans. Figure 7 is typical of 
knee construction in many rigid frames. 


Figure 7 


A design will be sound if planned as follows: 

(a) All joints are welded, riveted or bolted, and of the 
same process and fixed throughout. 

(b) All joints are welded, riveted or bolted, and of 
same process and hinged throughout. 

(c) If joint A alone is fixed and joints B and C 
hinged, irrespective of unity or mixture of processes. 

A design is not sound and may prove unsafe if: 

(d) Joint A be hinged and joints B and C fixed, ir- 
respective of process or mixture of processes used, 

(e) Joint A be fixed by rivets or bolts and joints B 
and C fixed by welding. 

As an example, let us consider a prefabricated rigid 
frame structure which I inspected. It was of type (b) 
above, bolted throughout. When vibration developed, 
joints B and C were welded, transforming structure into 
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type (d) above. The vibrations ceased, the welds held 
fast, the knee braces shortened and were overstressed, 
distortions followed, joint A was overstressed. There 
was a matter which at first appeared trivial. Yet that 
oversight proved costly when repairs were made neces- 
sary to straighten various members and replace some 
knee braces. 

Carelessness of this nature is not uncommon in in- 
dustrial and commercial plants when repairs are fre- 
quently made in ignorance or neglect of consideration of 
stress behavior. 

If at this point we would pause to reflect calmly on 
the preceding case studies, further examples will be 
unnecessary to prove what we are about to conclude: 
In a nugget, the main threats to safety in rigid frame 
design lie in the foundation and up in the air wherever 
you change direction of your neutral axis. This is a 
simple maxim, easy to remember. 

Localizing thus the main trouble you will 
eliminate any threat to safety if you will think through 
each “area problem.” 

Who among designing engineers first said ‘‘Engineer- 
ing is an exact science that begins with an assumption?” 
I should like to add “and ends with common sense.” 
For too much emphasis cannot be placed on use of 
common sense when you begin a design and when you 
end it, regardless of the procedures you follow for the 
stress analysis. 

Some examples were indicated where rigid frames 
were built without benefit of technical knowledge. 
But there are also cases where advanced engineering 
schooling failed for the lack of common sense. 

M. §S., just out of school with a Master’s degree in 
structures spent one whole week designing one simple 
welded rigid frame bent by the laborious column anal- 
ogy. He thus took sufficient time for meditation. 
But with his bracing all meditation ceased. He 
used two angles 2'/, x 2 x '/, in. with 24 in. of '/,-in. 
fillet weld at end of each pair of angles (12 in. for each 
angle). Use of common sense would have made for 
savings there. Its lack was also reflected ‘n the struc- 
ture proper. 


areas, 


VIOLATION OF BUILDING CODES 


Several months ago, a technical magazine pictured a 
modern welded structure, stating that weld unit 
stresses were 33% higher than those of the AMERICAN 
We tp1nc Society Building Code. 

As a member of the A.W.S. Committee on Building 
Codes, I could only speak for myself, when an opinion 
was privately requested. Use of the above high unit 
stress in no manner affected my equanimity of mind, 
even as an illustration in this paper whose mission is 
safety. 

The above news statement is only part of a design 
story. It might perhaps suggest but it does not prove 
that those very high unit stresses are a threat to safety. 
Overly high loads and other improbable loading factors 
might have been used. Again, they might not. 

Since the sole objective of a building code is public 
safety, the author supports codes, right or wrong, 
though frequently not in accord with them. 

Whereas building codes prescribe minute limitations 
for many details irrelevant to safety, they ignore com- 
pletely any reference to knees of steel rigid frames. 
Yet the knee is generally the critical area of strength or 
weakness in a rigid frame. Square knees in particular 
are a potential source of danger without stiffeners or 
web reinforcement, and when building codes catch up 
some day, stiffeners or web reinforcement will become 
mandatory. Meanwhile the responsibility is yours for 
safe design of knees. It is therefore well to remember 
that in the design of a rigid frame, any threat to safety 
is a violation of all building codes whether or not it is 
specifically identified in the text of any code. 


CONCLUSION 


Once again you are urged to restrain welding’s 
liberties within technological boundaries in the de- 
sign of rigid frames. Then will we progress toward 
greater creations in structural design. Then will we 
benefit most by welding’s magic which makes realities 
today of yesterday’s dreams. 


French Institute of Welding” 


T THE annual general meeting of the French 
Institute of Welding in Paris, Oct. 6, 1950, Prof. 
A. Portevin presented the annual report for 1949. 
The Welding College had 18 students enrolled for 
its 19th season. The Institute also conducted five 
technical courses and several symposia. Special 
courses were arranged for groups of students from the 


* Published in Soudure e Techniques Connezes, Sept.-Oct. 1950, pp. 201 
5. (Abstracted by Dr. G. E. Claussen.) 
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Petroleum Institute, the Navy and the Ordnance. 
Courses and examination for licenses for qualified 
welders also were conducted. Four hundred, twenty- 
nine certificates were issued to specialized welders. 

Research was pushed in the following fields: 

(a) Weldability of air-hardening steels with special 
reference to low-hydrogen electrodes for 
armament manufacturers. 

(b) Deep-penetration welding. 

(c) Weldability of Bessemer steels, especially im- 
proved basic Bessemer steel. 

(d) Metallurgical study of torch heat treatment. 

(Continued on page 346) 
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» Engineering colleges must deal with problems of education of 
young engineers in welding fabrication as approximately 30 billion 
dollars worth of welded structures, machinery, parts and indus- 
trial equipment are being fabricated annually in the United States 


by J. Heuschkel 


HERE are two phases of industry involved in the 

welding problem: first, the users of welding as a 

fabricating method, and second, the manufacturers 

of the equipment and materials which make the 
applications of the many welding processes possible. 
The first or application field is by far the most extensive 
and financially important. Approximately 30 billion 
dollars worth of welded structures, machinery, parts 
and industrial equipment are being fabricated an- 
nually in America. Each of these individual units must 
be designed, and shculd be properly designed for welding 
when that is the method of fabrication. Only about 100 
million dollars worth of welding equipment and sup- 
plies or about 0.39% of the total value of the finished 
welded products, go into welding equipment and ma- 
terials. It is therefore in the applications or fabrication 
area of activity where industry primarily needs engi- 


neers who have an understanding of the problems of 
i welding, not in addition to their basic engineering 
) know ledge, but as a part of it. There is a difference. 
’ The need for the engineering colleges of America to ade- 
quately approach the problem of education within the 
field of metals fabrication transcends the possibly selfish 
‘interests of any one segment of the industry. The sole 
‘purpose of welding is to economically join together the 
several parts of a machine or structure without de- 
tracting from the integrity of the finished part, what- 
e) er it may be. 
5 A gradual shift from riveting to welding has brought 
Bbout many «advantages of weight saving, increased 
joint efficiencies, decreased costs, tighter structures and 
the provision of more freedom for the designer to plan 
parts on strictly functional lines. These advantages 
have not been secured without the expenditure of con- 
siderable effort and the advent of welding has given rise 


J. Heuschkel, Welding Research Manager, is with Westinghouse Electric 
Corp., East Pittsburgh, Pa 


The material contained herein was prepared for presentation before a group 
of college professors at the Annual Meeting of the American Society for Engi- 
neering Education on June 20, 1950. It was presented in abstract form at the 
Educational Symposium of the Thirty-first Annual Meeting of the AMERICAN 
Wetptne Soctery, Chicago, week of Oct. 22, 1950. 


314 Heuschkel—Teaching Welding 


to a new series of problems. The solution of these 
problems permits the continuation of the early dreams 
of being able to fabricate any type of structure into one 
unitized or monolithic part without the need for special 
and expensive casting equipment and practices. 

By 1910 most of the basic processes now being so 
widely used in industry had been developed to the state 
of a useful art. This development was the product of 
individual curiosity and initiative and had little or no 
scientific foundation. In spite of the somewhat narrow 
basic original viewpoints and the often highly partisan 
history of the various processes, welding during the past 
40 yr. has grown from an infrequently used metals 
joining method, of doubtful reliability, into an indus- 
trial necessity. Billions of individual welds are now 
being made annually in the assembly of all types of 
metal products. Brazing and soldering are related 
methods, as shown by Fig. 1. All of the present com- 
mercial metals joining processes enjoying widespread 
usage require the use of heat under controlled condi- 
tions. The electric arc, metallic resistance to the pas- 
sage of electric current, and exothermic chemical reac- 
tions, including the combustion of gases, are the com- 
mon sources of this heat energy. The application of the 
various processes requires the understanding of more 
than thermal phenomena. High temperature chemical 
reactions; physics, including electricity, electronics, 
magnetism and mechanics; and the metallurgical reac- 
tions of the metals being joined, are involved. Further- 
more, since service difficulties must be avoided, it is 
necessary to understand in advance the potential reac- 
tions of the resulting joints, connections and indeed of 
the completed structures, to the anticipated static or 
dynamic, thermal, corrosive, stress or other conditions 
within the service environment of the completely de- 
signed part. 

Welding, brazing and soldering have now almost com- 
pletely displaced riveting as a means of joining together 
the metailic components of industrial manufacture and 
construction, particularly for mobile units, and welding 
is in active competition with castings. This transition 
has occurred under conditions of free competition be- 
tween factors of product quality and economics, and 
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always in the face of inadequate knowledge. It 
would now be economically impossible for most of the 
modern metal fabrication industries to exist without 
the use of one or more of the welding processes. The 
complexities of the problems resulting from this recent 
growth has given rise to the need for a new viewpoint 
on the part of the technical and managerial personnel 
involved. Final serviceability of product cannot be per- 
mitted to depend upon chance. Both quality and cost 
must instead be reduced to the realm of the predictable, 
within tolerable limits; that is, they must be placed 
upon a rational basis. The present annual value of such 
products is so large that possible reductions in the 
economic burden of ignorance and error alone warrants 
considerable attention being given to the furtherance 
of scientific education in the recently created fields of 
welding, welded design and welding engineering. 


It is still an all too common experience to find costly 
production or performance failures being encountered 
in the face of existing but unemployed technological in- 
formation. While it is the function of research and de- 
velopment to continuously disclose new and needed in- 
formation, more and more of the known information 
must be transmitted to the design and production per- 
sonnel. This is an educational function. In the face of 
such a need it is the duty of the engineering colleges to 
provide their share of the necessary efforts in this field of 
activity. It is pleasing to note that most of the engi- 
neering colleges at least touch upon this subject as a 
part of their regular curriculum. The technical aspects 
of metals joining are being gradually recognized as 
economically important, technically complex and scien- 
tifically fascinating. 
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DESIGN 


The function of an engineering design course is to 
transform individuals previously unversed in the sub- 
ject of design into ones competent to plan and propor- 
tion the parts of any required machine or structure so 
that all anticipated requirements will be satisfied and 
the part can be economically built. In practice it is the 
engineer’s prior function to specify the nature, magni- 
tude and duration of the anticipated requirements. 

A design is a specific, complete and preconstruction- 
ally prepared descriptive specification of the final 
product. It includes the compositions, conditions, 
dimensions, relative dispositions and the means for 
integration of the subparts, which constitute the several 
components of any specific product, into the completed 
whole. Each of the five components of the design, that 
is, the material composition, condition, dimensions, 
disposition and joining means are of equal importance. 
Improper or faulty treatment of any one of these items 
may lead to the production of a defective or unsatisfac- 
tory machine, part or structure. It is a fundamental 
concept of modern engineering that the integrity of the 
structure, regardless of its nature, shall be above ques- 
tion within the anticipated conditions; its cost must be 
such that it is competitively available to the ultimate 
consumer and its appearance should be aesthetically de- 
sirable. 

_ For the present, attention may be focused upon the 
fifth and final component of design, the joining methods. 
This includes the limits of applicability of the various 
processes to the metal composition and product require- 
ment combinations. Because chronologically joining of 
the subparts is usually the final operation it is often rele- 
gated to a minor role. All too frequently the kind, 
amount, size and disposition of the welding is still left to 
the judgment of the production shop. Welding, as the 
joining method, frequently makes it possible to use 
forms of basic materials not possible with former de- 

) signs and hence cannot be considered last. To repeat, 

_ the complete specification of the kind, amount and loca- 

' tion of the welding is of equal importance with each of 

_ the other design components and its specification is a 

‘function of the designer. The integrity, cost and 
_ appearance of the structure can all be jeopardized by the 
‘specification or usage of faulty joining methods and 
“techniques, by the failure to properly specify details, or 
by the improper provision for the application of normally 
uitable procedures, and certainly by the use of a 
Maulty design. 

Securing a proper balance between the various com- 
ponents of engineering design is again a matter of educa- 
tion. This education should begin within the engineer- 
ing college classrooms and it should continue throughout 
industrial practices up to and including management 
level. 

The problem of material properties and of the magni- 
tudes and distributions of stresses have been the con- 
tinuing subject of study for many years throughout the 
civilized world. These problems have not been subject 
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to the drastic changes in character as has been true for 
the metals joining methods. This poses a series of 
problems to industry, to the practicing engineer and to 
the engineering colleges. From the last viewpoint, the 
subject of metals joining should be broadly treated, 
bearing in mind that tomorrow’s commonplace metals, 
products and sources of power are not now yet com- 
pletely conceived or developed. It is therefore all the 
more important that engineering design courses be well 
founded in the fundamentals and that among these 
fundamentals the importance of welding as a joining 
method should be given its proper share of attention, no 
more but no less. 

If we can accept the viewpoint now presented, the 
important next question is that of method of procedure 
for securing the necessary education. Before the 
representatives of the educational system of a free 
America one can only suggest a method of procedure. 
It is for them to decide what should be done within the 
subject field of activity and how they should proceed 
with the matter. It may at first be difficult to decide 
what courses must be dropped to make way for new 
material in an already crowded four-year program. 


PROCEDURE 


It would appear to be of little importance, in the 
broad sense, whether the student is to design a welded 
bridge, a motor shell, an aircraft fuselage, a sea-going 
vessel or a complex piece of industrial equipment. In 
each case, a choice of possible detail joining processes 
exists. Final selection will usually be dictated by 
economic considerations for the commonly used metals. 
This is influenced by the equipment available. Famili- 
arity with existing processes is therefore a must. There 
are, however, many cases where choice of a special 
metal is dictated by service requirements of the product. 
Process and technique of welding then become more 
severely restricted, being often dependent upon metal- 
lurgical considerations. In such instances, the over-all 
cost of the structure or part may be so high that quality 
of the initial unit must be guaranteed because even 
constructional difficulties cannot be tolerated. Knowl- 
edge of the metallurgical characteristics of the different 
metals is thus a second essential component of the over- 
all educational problem. It is compatible with the 
needs of industry that structural, electrical and me- 
chanical engineering students be given a basic course in 
the fundamentals of metallurgy. 

However, it is not enough to know of the microstruc- 
ture or of the behavior of the joint as obtained from 
finished and polished laboratory specimens. The de- 
signer should know how the joint will perform under 
conditions of service, and this often is not the same as 
that of a laboratory specimen, for perfectly valid and 
logical reasons. The final structure combines internal 
stresses, metallurgical damage and stress concentrations 
due to joint and structure shape. Under these com- 
bined conditions the complete assembly reacts dif- 
ferently from a specimen of uniform contour. 
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Metallurgical damage is a combined result of initial 
metal composition and structure and the imposed 
thermal cycle. In addition to knowing something of the 
basic metallurgical characteristics of the more common 
metals it is therefore necessary for the student to have an 
understanding of heat flow, stress distributions and the 
influence of stress of a nonuniform nature acting upon 
the metallurgically altered metal. The practical integra- 
tion of all these technical components should be in- 
corporated into a course or courses in metals joining or 
manufacturing processes given to structural, electrical 
and mechanical engineers. It would appear to be feasi- 
ble to subject the engineering students to such a general- 
ized lecture course in metals joining methods early in 
their scholastic experience. One of the several functions 
of such a course could be to point out and lend emphasis 
to the interrelationships between the various basic 
courses of physics, chemistry and mathematics and the 
design and related courses to be presented later. This 
course should include coverage of kinds and types of 
welds and joints suitable for each process since these 
are essentially independent of kind of metal. It could 
also include drafting room practices unique to welded 
construction, including the usage of welding symbols. 

After completion of such an earlier course, and pos- 
sibly in the third year of study, there appears to be am- 
ple reason for presentation of a course in welded design, 
as such. This should cover welding processes in more 
detail, metallic reactions to welding and the incorpora- 
tion of these two features into the principles of welded 
design. At the same time it is assumed that each 
student will have an opportunity to apply this knowl- 
edge within his more specialized design courses, such as 
bridge, generator or machine design. 

Those who shy away from teaching welded design on 
the grounds that it is overly-specialized should note that 
it is the bridge, generator and machine design courses 
that are special. The principles of welded design are 
common to all three, as it is also to all other structures 
of metals, and in a real sense to those of glass and some 
other plastics. 

For lack of a more concise classification of the many 
metals joining methods a system of arrangement is 
furnished herewith. Since all the processes with which 
we are dealing depend upon heat, the initial breakdown 
is made on the basis of temperature of the base metal 
being joined and more specifically upon the phase of the 
metal during the joining process. Soldering and brazing 
involve joining of the base metals in their solid phases 
with the addition of a liquid phase filler metal having a 
temperature below that of the melting point of the base 
metal and applied by capillary action in the latter case. 
These are definitions of common usage. Where the filler 
metal is not applied by capillary action, but involves 
the gross deposit of a relatively low temperature metal, 
the methods are covered by the term biphase welding. 
The fourth group is the solid phase weld, wherein no 
filler metal is applied and the base metal is not molten. 
The fifth, and most widely-used group is that of the 
liquid phase welding processes, wherein the localized 
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parts of the base metal are molten and filler metal, if 
applied, is also molten. 

Within these five broad categories it becomes possible 
to construct a self-defining classification chart, as in 
Fig. 2, wherein the essential features of the several 
processes and joining methods are clearly distinguished. 
The designers choice of process selection depends upon 
a series of factors, among which are: 


1. Metals to be joined; their composition and 
temper. 

Thickness of parts. 

Length of joints. 

Shape and over-all size of structure. 

Number of identical units. 

Power availability. 

Availability of equipment. 

Service requirements of product. 

Cost conditions. 

Location of structure. 

11. Final tolerance of parts. 

12. Need or economic advantage for saving weight. 


It would be out of order here to attempt to spend more 
time on details but the student should have a fairly 
clear idea of the relative practicality of the several 
processes, when applied to any specific part. He will 
early learn to consider resistance seam welding, for 
example, only for sheet or thin metals when tightness is 
required, spot welding for parts under '/, to '/2 in., de- 
pending upon the metal, and butt and flash welding 
for end-joining applications on a mass production 
basis. The arc-welding processes will apply to a wide 
range of metals and thicknesses and inert-gas-shielded 
processes to oxygen-sensitive metals of lesser thick- 
nesses. The gas, thermit and forge processes, each have 
their proper place. Also brazing and soldering each 
have their important application where, on a mass pro- 
duction basis, their usage results in a product of ade- 
quate quality with a minimum of cost. 

In each instance the characteristics, dimensions and 
dispositions of the metals are the leading questions. It 
is a cardinal rule not to select or use a welding process 
unless the composition and temper of the metal and the 
service requirements are known. 

As part of the educational procedure it will be bene- 
ficial if the instructors from the engineering schools 
could spend some time visiting industrial establish- 
ments to see for themselves how the various processes 
are being used as fabricating tools. 


REACTIONS OF METALS TO WELDING 


If we are permitted to assume that the structural, 
electrical and mechanical engineering students have had 
a basic course in metallurgy, as earlier recommended, 
and as now provided by several of the engineering col- 
leges, the next problem is that of relating the character- 
istics of the various processes with the chemical and 
metallurgical characteristics of the metals so that an 
understanding of the resulting weld and joint properties 
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will be obtained. In approaching this problem it is 
common to start with the consideration of steel since 
that is the most widely-used commercial metal. This is 
understandable and has much to support it, but there is 
an alternate method which is believed to be a better 
approach. If the chemist is asked to name a typical 
metal he will universally name the group I elements of 
the periodic table: lithium, sodium and potassium. It 
may be wise to use the same approach in teaching weld- 
ing reactions. Consider lithium. It reacts violently 
with water to form the hydroxide, with the evolution of 
hydrogen. Hydrogen has a temperature variable 
solubility in most metals and this reaction may result in 
weld porosity. 
2Li + 2H,O — 2Li(OH) + H, Tf 

og While the consideration of this element is purely 
; academic, the reaction in at least one respect is typical 

of all metals in varying lesser degrees. Chemical reac- 


tions occur very rapidly at the extreme high tempera- 
tures of the electric arc, the second highest temperature 
level known. The rapidity with which the metals oxi- 
dize also lends emphasis to the need for protecting the 
high temperature metal from the oxygen of the air, if 
metallic contamination with oxides is to be avoided. 
In a similar manner, early attention to the metal 
titanium to show the formation of nitrides is helpful. 
These show up very well in color. 

At this time, it may also be well to introduce the sub- 
ject of welding dissimilar metals. Consider titanium to 
cold-rolled stainless steel, Fig. 3. The combined effects 
of poor properties of the resultant iron-titanium- 
chromium-nickel alloy and the differences in thermal 
expansion result in the complete failure of the specimen 
made by both the spot and are processes. Again the 
problem for other metals is simply one of degree. 

Now consider molybdenum. Here we have a metal 
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which is not only susceptible to oxidation, but one 
which tends to crack during solidification, Fig. 4. The 
problem of weld cracking has now been introduced 
and becomes one more red flag marking a “booby trap” 
which the designer must always avoid in specifying ma- 
terial combinations. A fourth fundamental problem is 
that of penetration of one metal within another under 
certain circumstances. For example, consider zinc 
dipped, that is, galvanized, nickel steel. The deposition 
of a simple metal-arc weld bead will crack this otherwise 
satisfactory metal. 

A fifth problem is that of brittle alloy combinations as 
illustrated by joining aluminum to copper. This can be 
further complicated by subsequent applications of heat 
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thus the subject of aging and mutual diffusion is intro- 
duced. 

Now consider hardening and the resultant brittleness. 
This can be nicely illustrated by spot-welded carbon 
steels. Subsequent tempering treatment improvements 
are illustrated by the same process-metal combination. 
But hardness and brittleness are not always mutually 
Consider notch effects resulting from weld- 


Relate 


equivalent. 
ing the joints of carbon and low-alloy steels. 
these to the performance of structures. 
Consider problems of misuse of process requirements, 
such as lack of accessibility, edge distances and items 
which add unnecessarily to cost. Consider added re- 
quirements of metal soundness as imposed by welding 


Detail | (left). Cooling fracture appearance. x2 
Detail 2 (above). Transverse section of nee weld. X5 


Detail 3 (4, B and CC). Microstructure at 
location 4, B and C of Detail 2 


STAINLESS STEEL 


Fig. 3 Spot weld between 0.040-in. titanium and 0.050-in., Type 302, cold-rolled stainless steel 


Dissimilar n metals combinations t result i intermediate alloy combinations which may have unsatisfactory properties. 
may have di P ich result in high stresses upon 


Aprit 1951 


The twe original metals 
ng 


Heuschkel—Teaching Welding 319 


= q 
| 
: 


External appearance 


verse Section 


and no need to attempt to cram into every individual 
student the detail of every alloy combination. 

By some such selective presentation of difficult prob- 
lems, albeit they only seldom occur in the experience of 
any one engineer, excepting the specialized welding en- 
gineer, the student is conditioned to be on the lookout 
for combinations of process-metal-product conditions 
which would tend to jeopardize the 
integrity of the final part; he has 
learned much of the basic principles 
by viewing the consequence of speci- 
fying improper combinations and he 
has been impressed with the need of 
cooperation between the designer, 
the manufacturing and welding engi- 
neers and the metallurgists. This 
one lesson alone is worth millions of 
dollars annually to the whole of in- 
dustry. It is true that we learn by 
doing, but we also learn from the 
study of errors. 

The teaching of this subject in the 
engineering colleges of America is be- 
lieved to be both necessary and de- 
sirable. Properly presented, it is con- 
sistent with the objectives of the col- 
leges in teaching fundamentals, and 
it should be beneficial to the student, 
the college, the industry and the engi- 
neering profession. 


WELDING ENGINEERING 


Training in the field of welding en- 
gineering involves specific and precise 
knowledge of the existence of the 
various processes; process application 
limitations; the metallurgical reac- 
tions of the metals to varying rates of 
change of temperature; the resultant 
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over riveting. Consider corrosion requirements and 

earbide precipitation; also the high and low tempera- 

ture performance of the metals after welding, as well as 
that of shrinkage, residual stresses and warpage. 

_ Examine the performance of riveted joints. Compare 
e relative merits of welding, casting, forging, extrud- 
g, riveting and bolting from an unbiased viewpoint. 
hen study the reactions of the metals to the imposi- 

tion of the welding processes on magnesium, aluminum, 

titanium, columbium, molybdenum, iron and steel, 
cobalt, nickel, copper, zinc, tin, lead and dissimilar metal 
combinations. 

After systematically reviewing the chemical, metal- 
lurgical and mechanical characteristics of the alloys 
based on these various metallic elements, the student 
will have a method of procedure to consider each of the 
many commercially encountered alloys on their indi- 
vidual merits as the need may arise. There is no time 
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weld, welded-joint and welded-struc- 
ture properties and characteristics; 
the principles of heat generation, control and rates of 
dissipation; the mechanical operations involved in the 
usage of the several processes; and the accompanying 
corresponding electrical and chemical phenomena so 
that precise conditions can be specified for any indi- 
vidual circumstance. 

Justification for raising a description of the duties and 
qualifications of the welding engineer is that one critical 
point in the training of the designer who deals with 
welded machines and structures is learning to consult 
with the welding engineer before proceeding with a 
process-metal-product combination with which the de- 
signer is not thoroughly familiar. As each welding 
process is a dynamic one, so is the industry. All facts 
with respect to the operations, usage, limitations and 
advantages are not yet known by the leading authorities 
in the field, which is still one of considerable effort in 
research and development. Shifting economic factors 
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and variable availability of power, gases and metals con- 
tinuously alter application conditions. It is for this 
reason, and not to raise the welding engineer up on a 
special pedestal, that this point is being made. Further- 
more, it is necessary that management recognize the 
need for a high level of qualifications within the field of 
welding engineering. Such recognition is more certain 
to come with the assured competence of welding engi- 
neers resulting from firm foundations in the funda- 
mentals of all of the basic sciences involved, and again 
this is a function of engineering training. 


Welding involves the application of more of the basic 
sciences than that of any other phase of engineering as 
applied to industry. Since these boundary regions of 
science offer the richest rewards for the qualified indi- 
vidual, emphasis on teaching fundamentals should not 
become a screen to prevent the encouragement of the 
more competent, aggressive and persistent individuals 
to enter the yet fertile fields of cross integration of the 
many branches of engineering. At least one of these 
branches is that of the welding engineer who has been 
largely instrumental for the enormous savings made to 
industry by the intelligent applications of welding and 
by the avoidance of failures as the result of the respect 
with which the subject was treated. This is in contrast 
to the attitude, too commonly prevalent, that the weld- 
ing problem does not exist; that everything can be 
welded but a broken heart and the break of day; except 
that if a welded metal failure occurs as a result of the 
violation of known and previously demonstrated prin- 
ciples, and especially after a spectacular failure, when 
welding is said to be unreliable and too dependent upon 
human element and other equally weak excuses. 

Welded failures have been few, extremely few when 
the widespread usage and complexities of the problems 
are considered. Those failures which have occurred are 
the result, not of weaknesses of the method, but of the 
human direction, misdirection or complete lack of direc- 
tion behind the design for and usage of the welding proc- 
esses. Human failures are correctable through educa- 
tion. It is a technical subject worthy of its proper pro- 
portion of the best existing intelligence. 


It is probable that, at this time, it will be most satis- 
factory for this specialized training, within the field of 
welding engineering, to be acquired during courses of 
graduate work and by industrial education programs 
and experience. 

As a minimum, such special studies could well in- 
elude: (1) a study of the many existing commercial 
processes and the scientific basis for their existence, in- 
cluding information upon their operation characteristics 
and some limitations on their uses; (2) a study of the 
operating clearances required for the usage of the several 
processes, such as necessary groove root openings, edge 
distances and accessibility of parts; (3) pertinent in- 
formation on weld and joint properties obtained for each 
process and metal condition under the specified condi- 
tions of production and service environment; (4) 
shortcomings of certain metals and metals combinations 
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with respect to hardness, brittleness, tendency toward 
cracking, intergranular penetration, corrosion failure 
and other factors; (5) cost factors which often control 
the selection of a process for a specific application and 
(6) the occasional need for use of special treatments, 
such as preweld cleaning and heating, and postweld 
peening or annealing. 


Industry can absorb only a limited number of welding 
engineers but there is a need for more structural, elec- 
trical and mechanical engineers who have a working 
knowledge of the existence and usage of the many weld- 
ing processes. 


GRADUATE STUDIES 


For many years, the Westinghouse Electric Corp. has 
actively participated in the furtherance of advanced en- 
gineering and scientific education by cooperating with 
different institutions of higher learning. One of many 
such enterprises has taken the form of a lecture course 
recently presented in Metals Pyrouniology. The word 
“pyrouniology” is derived from the Greek work “pyro” 
meaning “heat” plus the Latin word “uni” meaning 
“oneness,” plus the Greek word “ology” meaning 
science. The designation Metals Pyrouniology, the 
science of making metals into one with heat, is therefore 
sufficiently broad and inclusive to embrace all problems 
of thermal metals joining irrespective of the joined parts 
dimensions, mass, composition, service requirements and 
conditions or combinations of these factors. This 
terminology has been selected to circumvent difficulties 
which have grown out of common usage in the metals 
joining industries. The course designation is intended 
as more than a fancy name. It presents a unique con- 
cept of the over-all problem. It was adopted to express 
an independent viewpoint without the limiting restric- 
tions imposed by conventional considerations. The 
technical and industrial importance of the subject was 
believed to provide the only justification required for 
such treatment. The course was intended to present to 
the interested graduate engineering student an introduc- 
tion to the more fundamental concepts and general 
principles involved. No effort was made to convert the 
student into a welding operator, although an ac- 
companying laboratory class would have been help- 


ful. 


Since all participants were holders of newly acquired 
degrees in some field of engineering, the essential back- 
ground had largely been established. The idealized ob- 
jectives are covered by the course outline, Table 1. 
The first quarter of the year was nevertheless devoted to 
a review of the fundamental sciences; stressing those 
portions of particular importance to the subject under 
consideration. For example, the established laws of 
electricity and electronics including thermionic emission 
and are action; of heat generation and transfer; of 
stress distribution in uniform and discontinuous mem- 
bers; of chemical actions; of metallurgical equilibrium, 
phase rules, metallic reactions to heat, gas-metal 
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Table 1—Outline of Lecture Course in Metals Pyrouniology 


Fundamentals Metals unitization 
1. Introduction 16. Alkali metals 
2. Physics 17. Magnesium family 
3. Pyrodynamics 18. Aluminum family 
4. Electrodynamics 19. Titanium family 
5. Mechanics 10. Vanadium family 
6. Chemistry 21. Chromium family 
7 Metallurgy . Tron and carbon steels 
Nonaustenitic alloy steels 


Austenitic alloy steels 
Cobalt family 
Nickel family 


Soldering 

Brazing 

10 Seam, spot and projection 
welding 

ll. Butt, percussion, flash 
and stud welding 

12. Consumable _ electrode- 
are welding 

13. Nonconsumable elec- 
trode-are welding 

. Gas combustion welding 
15. Other welding processes 


Zinc, tin and other metals 

Coated, cl and dis- 
similar combinations 

Joints and structures 

Performance 

Design requirements 

Quality control 


reactions, intergranular penetration and fracture charac- 
teristics in metals, were all reviewed in so far as possible. 
Always emphasis was placed upon the fact that each 
broad subject covered during this period should be the 
object of a separate course or courses of study for those 
either wholly unfamiliar with the particular subject or to 
those having a special interest in it. 


The second quarter was devoted to a study of the 
many detail joining processes. These were covered in an 
8-week period with a logical transition from one group of 
processes to another. For this work it was found most 
effective to follow the process classification system 
shown in Fig. 2. Particular stress was placed upon the 
operational dynamics of each process, that is, the funda- 
' mental sciences were here put to work. 


an 


The bulk of the second half of the course dealt with 
the unitization of specific metals. Here the student was 
‘taught to consider the physics, chemistry and metal- 

lurgy of each metal or combination of metals along with 
a consideration of the joining operation and, in so far as 
possible, to consider the influence of those factors upon 
the resultant weld or joint properties. 


By starting with the chemically-active metals which 
‘are unstable in air at ambient temperatures on a short- 
time basis, with metals which are so “brittle” or notch 

nsitive that extreme care must be exercised in apply- 

g them even before the complications of welding reac- 

ions, the student finds it less difficult to comprehend 
‘the factors involved in the occasional fracture of a 
welded steel part, for example. Before considering the 
more widely-used metals, he has been made aware of the 
necessity of considering the strength, time, tempera- 
ture, alloy, gas, notch, thermal and electrical conduc- 
tivity effects. Only after such studies does the general 
concept of suitability of a metal for welding have real 
significance. 


The most important practical industrial first con- 
siderations of over-all design requirements, quality con- 
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trol and service performance were treated last because 
it was believed that until the student has a grasp of the 
basic factors which influence these items, he would gain 
little from their earlier presentation. 

The desirability of succeeding with the outlined ob- 
jectives is believed to be readily justified. Several 
problems were encountered in achieving those objec- 
tives. The presentation first involved a choice of 
course ‘classification for organizational reasons. For 
other than conformance to established pattern, the 
particular classification is unimportant, provided the 
potential student is preadvised of the scope of the sub- 
ject matter to be covered. A recently conducted survey 
showed mechanical engineers to have a greater interest 
in welding than either civil or electrical engineers. 

Since almost none of the enrolled engineering graduate 
students had previously obtained more than a cursory 
knowledge of the subject, it was found to be impossible 
to proceed immediately with the more advanced prob- 
lems, as are daily encountered in modern production 
and research, without first devoting considerable time to 
some of the more elementary considerations. This 
means that in actual practice, the engineering graduate 
would have to learn the subject “on the job,” with each 
error being a potential costly one to industry, instead of 
a mere classroom fault, subject to abstract correction. 
This illustrates the main reason for the presentation of 
this paper. 

A third complication was that no suitable textbook 
was available. The presented material was therefore 
necessarily compiled directly from experience, research 
records and published journals and books. Over 100 
published volumes and articles were consulted to pro- 
vide the most authoritative available material suitable 
for inclusion within the spirit of the course. Motion 
pictures and examples of satisfactory and unsatisfactory 
welds in the many metals made by the different proc- 
esses were freely used. This did have the advantage of 
encouraging the student to pursue the attainment of in- 
formation across the entire technical field without re- 
gard to any imposed source limitations. Emphasis was 
thus further placed on ways and means for reaching 
rational solutions to problems. 


SUMMARY 


It is hoped that this brief review of the subject will 
serve to stimulate more widespread interest in educa- 
tional activities within an important technical field of in- 
dustrial activity. The conclusions reached are that the 
undergraduate student should be permitted to partici- 
pate in a course in basic metallurgy, a course in metals 
joining methods or manufacturing processes and a 
course in welding design. In certain instances these 
may have to be incorporated into other courses but it is 
interesting to note that some of the larger progressive 
institutions already are following some such a proce- 
dure. There is little need to teach engineers to be 
welders. There is no desire, at this time, to promote 
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specialization to undergraduate students in welding en- 
gineering. Rather the fundamental sciences and engi- 
neering factors should be stressed. Those wishing to 
enter this complex field of welding engineering will find 
need for further study, preferably in conjunction with a 


particular industrial experience. Technological progress 
of the past 20 yr. calls for the other engineering students 
to have a better understanding of the present status of 
the art and science of metals joining methods and the 
corresponding design requirements and limitations. 


Smoke in Arc Welding” 


by W. Hummitzsch 


ALLETT and Rieppel' showed that the at- 
mosphere of welding electrodes contains H,O, 
H2, CO and CO,. The hydrogen reacts with air 
to form water vapor, while the CO burns to COs. 

The nitrogen of the air reacts with oxygen in the are to 

form NO. 


2C + Oy (air) = 2CO 
2CO + O; (air) = 2CO, 
+ O, (air) = 2NO 
2NO + O, (air) = 2NO, 
2H, + 0, (air) = 2H.0 


The endothermic NO decomposes to nitrogen and 
oxygen in the arc more rapidly than in the flame be- 
cause the gases in the are cool slower. Therefore, the 
air round are welding contains less nitrous gases than 
around gas welding. The formation of large amounts 
of CO is improbable, while ozone has not been de- 
tected. After welding for 20 minutes with a bare elec- 
trode in an unventilated room of 3500 cu. ft. capacity, 
the air contained less than 0.001 vol. © nitrous gases. 
Table 1 shows that with cored and covered electrodes 
in an unventilated chamber having a volume of only 
700 cu. ft. the nitrous gases did not exceed 0.001 vol. %. 
With ventilation the concentration fell to 0.0001 to 
0.0004 vol. % NOs. 

Gases sucked directly from the are have higher 
concentrations, but these do not reach the welder. 
The are gas contained 0.0038 to 0.0080 vol. °% NOs». 
These results confirm the data of American Naval 
Health Services. It is concluded that arc-welding 
operators are not exposed to dangerous concentrations 
of nitrous gases. 


* Abstract of ‘Gas und Rauch Beim Schweissen von Eisenwerkstoffen,”’ 
published in Schweisstechnik (Vienna), 4, 121-130 (Nov. 1950). (Abstracted 
by Dr. G. E. Claussen.) 
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Table l—Air Contamination During Welding with Covered 
and Cored Electrodes Without Ventilation 


Electrodes Duration of 


5/s9-in. welding, Analysis of air, vol. % 

diam. min. NO, co 
Fox A7 30 0.0004 Trace None 
Fox A7 60 0.0002 Trace None 
Fox AN 30 0.0007 Trace None 
Fox AN 60 0.0004 Trace None 
B Elite KVA 30 0.0004 0.084 None 
B Elite KVA 60 0.0004 0.051 None 


GASES FROM ELECTRODE COATINGS 


Coatings evolve CO, and H,O as products of com- 
bustion and CO, also from decomposition of carbonates. 
Some coatings contain silica and fluorspar, which might 
react under some circumstances to form ¥olatile sili- 
con fluoride. This gas has a corrosive action on the 
respiratory tract. To determine whether this action is 
possible in our lime basic coatings, samples were heated 
in an iron retort at 1400° C., the evolved gases being 
absorbed in water. Any silicon fluoride will decom- 
pose to SiO, and fluosilicic acid. None was found in the 
water, however. The gases from the carbonate were 
CO, and CO. The iron retort reduced some CQO, to 
CO, a reaction which does not occur in welding. The 
CO, which dissolved in the water rendered it slightly 
acid. No volatile fluorine compound could be detected. 
Likewise gases from ares of lime basic electrodes con- 
tained no fluorine. Drinker and Nelson? reported 
similar results. 

Volatile silicon fluoride can be evolved from the 
welding slag containing CaF, and SiO, only if free 
silica is present. Commercial electrodes contain so 
much lime in the coating that all silica is combined as 
calcium silicate, leaving excess CaO, Table 2. 


Table 2—Possibility of Forming Volatile Silicon Fluoride 


CaO 
Type of CaO present, _required,* 
electrode CaF2,, % SiOz, % % % 
1 28.6 20.2 32.0 25.5 None 
2 16.5 20.1 39.2 25.4 None 
3 31.1 12.7 25.2 16.3 None 
4 26.8 24.4 20.6 31.0 es 


* CaO required to combine with all the silica. 2CaF, + SiO, = 
2CaO + SiF,, —122.7 kcal. CaO + SiO, = CaO-SiO,., +19.6 
keal. 
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elting point 
Boiling point 2730 2250 3170 4500 


Table 3—Melting and Boiling Points, ° C. 


FeO TiO, SiO: MgO CaO CaF; 
1377 1825 1700 


No SiF, will form with electrodes 1 to 3. There is 
excess silica in electrode 4 and SiF, can form. This 
type of electrode is not produced commercially. Fluor- 
ine has a greater affinity for calcium than for sodium 
and potassium. There are no water-soluble fluorine 
compounds in the slag, and oxides of fluorine cannot 


form in the are. Fluorine is extremely electro-nega- 
tive. Fluorine oxides are strongly endothermic and 
decompose at once. Therefore, so long as there is no 
free silica in the slag, no volatile silicon fluoride can 
form during welding with lime basic electrodes. 


SMOKE 


Smoke is evolved from electrode and steel during arc 
welding. The smoke arises from oxidation of vapors 
produced at the high temperature of the arc from mate- 
rials in core wire, coating and plate. Iron, manganese 
and silicon vapor are formed and are oxidized before 
they can condense. 

4Fe + 30, = 2Fe,0, (iron oxide smoke) 
3Mn + 20; = 3Mn,0O, (manganese oxide smoke) 
Si + O, = SiO, (silica smoke) 


The temperatures in the welding are are up to 3000° 
C. above the boiling point of the electrode constituents, 
Table 3. 

In gas welding the temperatures are much lower and 
there is scarcely any evaporation. 

A number of electrodes were deposited by an auto- 
matic welding machine while the smoke was sucked 
away. The weight percentage of smoke based on the 
weight of wire welds ('/,-in. diameter) was: 


Lime basic covered electrodes, %................. 1.87 
Mineral covered electrodes (6020), %............. 1.10 


The chemical composition of the smoke differs from 
the slag in important respects, Table 4. Components 
with high vapor pressure tend to predominate in the 
slag. Iron oxide is the main constituent of the smoke 
from all electrodes, Table 5. 


References 
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Table 4—Analysis of Smokes and Slags from Different Covered Electrodes 


SiO, FeO, CaO MnO, AlOs, Alkalies, T102, CriOs, 
Type of electrode % % +Mg0, % % % % % % % 
Acid minera] Slag 33.1 21.8 7.0 ae 28.0 5.60 3.52 a 
Acid mineral Smoke 28.2 50.2 1.5 he 10.1 2.00 2.54 “ 
Acid Slag 25.6 12.3 5.6 ia 8.8 8.1 3.70 33.0 
Acid Smoke 12.1 49.8 3.5 we 5.1 3.0 2.50 15.3 
Lime basic Slag 24.4 8.8 20.6 26.8 9.15 3.25 7.20 we 
Lime basic Smoke 7.7 31.2 3.48 27.3 5.34 0.90 14.00 
Stainless steel lime basic Slag 20.7 8.92 44.2 16.54 3.77 1.10 5.30 $8.72 
Stainless steel lime basic Smoke 5.8 28.82 9.1 15.76 2.01 1.80 6.01 16.10 
Table 5—Chemical Composition of Smoke from Three Different Electrodes 
Si0,, CaO + MgO, CaF;, MnO, ALOs, CO,, Alkalies, 
Type of electrode % % % % % % % % 
Cored electrode 2.11 92.45 0.38 4.95 Trace 
Lime-basic 7.70 34.85 3.48 27.3 5.34 0.93 2.90 14.0 
Acid-mineral 28.20 55.97 1.55 “ 10.07 2.0 1.28 2.54 
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Welding of High-Temperature, High-Pressure Piping 


» Fabrication and welding procedures successfully used by the author 
or alloy-steel piping for high-temperature service are outlined 


by Louis C. McNutt 


FEEL highly honored to be privileged to present 
this paper of fabrication and welding of high-temp- 
erature, high-pressure piping to this meeting. 

While I have made no attempt to segregate the 
marine from other applications, the various alloys and 
methods of handling have each been briefly covered and 
it is the opinion of your speaker that the same pro- 
cedures in fabrication or welding will apply to both 
marine and industrial applications. 

It is not the intent of this paper to be a technical dis- 
cussion. However, mention of some technical points is 
unavoidable. 

Modern industry depends to a large extent on the 
ability of various types of steel to maintain adequate 
strength at elevated temperatures. For example, most 
of our electric power is produced in generators driven by 
steam turbines operating at temperatures as high as 
1050° F. These extreme operating conditions have been 
achieved through the development and use of alloy or 
stainless steels of greatly improved high-temperature 
strength and heat resistance. At high temperature, 
metals flow or creep under the design stress; while at 
ordinary temperatures they deform only elastically, 
thus requiring entirely different engineering design and 
tests, since the successful use of steel at high tempera- 
ture depends upon accurate knowledge of its behavior at 
these temperatures and since the behavior of steel at 
elevated-temperature service is to continue to deform 
with time after load application, even though the design 
may have been based on tensile tests at the tempera- 
tures involved. This deformation with time is called 
“creep”; due to the design stresses at which it was first 
encountered, it occurred at a relatively slow rate. The 
mode of creep may be divided into three stages: first 
the elastic extension, then the gradual stretching over a 
long period, and finally the accelerated stretch leading 
torupture. The creep rate for a given material depends 
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upon the stress temperature and history of the ma- 
terial. 

The addition of alloying elements to carbon steel has 
been found to improve creep strength greatly, thus 
giving us the steels of our high-temperature service with 
which we work today. Though these steels do not 
usually show any significant change of grain size or 
shape at elevated temperature, both visible and in- 
visible changes occur within the grains—such as, the 
visible changes of distribution of particles within the 
grains, known as spheroidization, migration of carbides, 
and graphitization; these changes sometimes occurring 
at temperatures as low as 800 to 900° F. The addition 
of chromium tends to stabilize the carbides, reducing or 
eliminating graphitization and delaying spheroidiza- 
tion. 

The invisible microstructure changes affecting fab- 
rication and welding of alloy steels are the decrease in 
thermal conductivity with the addition of alloying ele- 
ments and the increase in thermal expansion. 

The natural phenomena occurring in steels with the 
addition of alloying elements require, then, the grouping 
of steels into those having somewhat the same charac- 
teristics in so far as fabrication and welding are con- 
cerned: breaking down the pearlitic or martensitic 
steels depending upon heat treatment which are gen- 
erally accepted as those having a chromium content of 
less than 14%, into four groups; the ferritic steels, or 
those having a chrome content of over 14% and essen- 
tially an alloy of iron and chromium, into one group; 
and the austenitic steels, those essentially an alloy of 
iron, nickel and chromium, into one group. 

The following grouping, while it is not in strict ac- 
cordance with any code table, has been set up in so far 
as the writer’s work is concerned in accordance with a 
combination comprising heat treatment and welding 
characteristics. Separate groupings may require two 
or more procedure specifications for the different alloys 
within groupings to cover power boiler requirements. 
Grouping is as listed below. 


Group 1—Those alloy steels in the lower range con- 
taining less than 1% chromium. 

Group 2—Those alloy steels containing 1 to 2% 
chromium. 
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Group 3—Those alloy steels containing over 2 to 5% 
chromium. 

Group 4—Those alloy steels containing 5 to 14% 
chromium. 

Group 5—Those alloy steels in the ferritic range con- 
taining over 14% chromium. 

Group 6—Those steels containing an alloy of iron, 
nickel, and chromium in the austenitic range. 


The breaking down of each of the above groupings for 
welding is as shown below. Reference to temperature 
service is from recommended uses as shown in “Steels 
for Elevated Temperature Service” by United States 
Steel Corp. 


GROUP | 


These steels, comprising carbon molybdenum and 
chrome molybdenum where the chromium content is 
less than 1°, are greatly affected by one of the visible 
changes in grain structure previously mentioned that 
occurs with time; namely, graphitization, or the de- 
composition of carbides into free graphite. While this 
is not known to be a direct product of welding pro- 
cedures, the heat of the deposited weld metal is known 
to be conducive to this precipitation. Special interest 
in the presence of graphite in steel was developed in 
1943 with the failure of a welded joint of high-tempera- 
ture piping and the association of this failure with the 
graphitization of a relatively low-carbon steel contain- 
ing 0.50°% molybdenum. 

It has been found that certain specific heat treatments 
following welding appear to prevent graphitization. 

One of the heat treatments found advantageous in 
producing best results is 1300 to 1310° F. preferred, with 
1300° F. as a minimum, and a maximum temperature 
not to exceed 1350° F. holding for four hours with a heat 
rise and cool of 200° F. per hour. This heat treatment 
changes the carbides from a plain to a complex struc- 
ture and retards graphitization. Temperature control 
for field welding conditions can be secured by use of in- 
duction heating for preheat and postheat. 


t2% 


Fig. 1 For thickness in., ine. 
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Weld procedure for steels in this group require an 
are voltage of 24 to 25 v. at 110 to 115 amp. for '/s-in. 
diameter electrodes and 24 to 26 v. at 140 to 150 amp. 
for */3:-in. diameter electrodes at a recommended pre- 
heat of 600° F. to be followed immediately after welding 
by postheat as shown above. Typical joint designs 
used for piping over 2 in. diameter is shown in Figs. 
1-3. 

This grouping of steel is used for temperature service 
not exceeding 900 to 950° F., except where graphitiza- 
tion is a factor. Carbon-molybdenum steel, normally, 
should not be used above 850° F. Welding electrodes 
should be either E7010 or E7013. 


GROUP 2 


This grouping of alloy steels is in the chrome-molyb- 
denum range of 1 to 2% chrome. 

The 1% chromium steel was originally developed as a 
low-cost alloy having the tensile range of carbon molyb- 
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Fig. 3 For thickness over I in. 


THe WELDING JoURNAL 


| 
30° 
<p 

Fig. & ever tm, thick 

/ 
3 

a | 

As Pur | 

abe 


denum with an added resistance to scaling for steam 
service up to 1000° F. plus the added advantage of less 
susceptibility to graphitization due to the higher chro- 
mium content. The 2% chromium is the first grade in the 
martensitic steels having sufficient chromium to affect 
corrosion materially in so far as temperature conditions 
are concerned, and is used for some service tempera- 
tures up to 1150° F. The creep strength of all chrome- 
molybdenum steels up to about 10% chromium is ap- 
proximately the same in the temperature range of 900 
to 1200° F. 

Hot bending of steels in this range is easily per- 
formed. However, the high-temperature strength re- 
quires heating from 1700 to 1800° F. which should be fol- 
lowed, since this steel is air hardening, by a heat treat- 
ment of 1350° F., plus or minus 25° F., and held for 2 
hr. per inch of thickness but in no case less than 1 hr. 
cooling at the rate of 300° F. per hour. 

This group of steels is quite readily welded although 
caution must be taken to keep a very active pool of 
molten metal under the are to eliminate porosity and 
slag entrapment. Welding electrodes are of the class E- 
8015 for 1% chrome and E10015 for 2% chrome with 
preheat at 600° F. and postheat 1350 to 1400° F. held 
for 2 hr. per inch of thickness. 


GROUP 3 


Steels containing over 2° up to 5% chromium are 
generally used for temperatures up to 1200° F. in service 
involving moderate conditions of corrosion or oxida- 
tion. However, the great variation in chromium and 
silicon content available makes possible, with higher 
silicon content, use of this grouping up to 1300° F. for 
some installations. Hot forming is as readily accom- 
plished as with 2% chrome when the same heating and 
stress-relieving procedures are used. This steel is more 
air hardening than the lower group and care should be 
taken to insure correct heats. 

Welding is done at a preheat of 600° F., 
electrode with 15 (Lime)-type coating and giving a post- 
heat immediately after completion of welding of 1400° 
F., plus or minus 25° F., held for 2 hr. per inch of thick- 
ness and followed by a slow cooling of approximately 
300° F. per hour maximum or a full anneal at 1550 to 
1600° F., cooling at 50° F. per hour to 1100° F., then 
cool in still air. Welding characteristics require higher 
amperage than carbon steel and a very active are crater 


using an 


to eliminate porosity and entrapment of slag. 


GROUP 4 


Steels of over 5% and up to 14° chromium are used 
where service temperatures are 1200 to 1300° F. 

This group of steels is still in the air-hardening range 
and accordingly should be carefully handled. Hot 
bending is accomplished at 1700° F. followed by slow 
cooling. Following hot bending or welding operations 
to obtain grain refinement and the lowest possible hard- 
ness, a treatment of 1600° F. followed by a cooling at 
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50° F. per hour to 1100° F. then cooled in still air, is 
recommended. 

Use of these alloys is mostly in the oil industry for 
sour erudes; although the 12 to 14% chromium steels 
are, when quenched and tempered, used as turbine 
blading. 

Welding characteristics are the same as for 5% 
chrome, using 600° F. preheat followed by 1400° post- 
heat held for 2 hr. per inch of thickness and cooled at 
300° F. per hour maximum. Electrodes should have a 
15-type coating with a deposit to match the base ma- 
terial. 


GROUP 5 


Steels containing over 149% chromium, while having 
a scaling resistance in the range of 1500 to 2000° F. de- 
pending on chrome content, are used mostly where 
pressure is not involved due to the temperature em- 
brittlement or brittleness occurring upon cooling from 
high temperatures held for a prolonged period. 

As the chromium is increased in steel, the air-harden- 
ing characteristics increase to 14°% chromium then de- 
crease according to carbon content. These steels are 
not air hardening but have a tendency to develop a 
coarse crystalline structure in deposited weld metal and 
the adjacent heat-affected zone, with a result that these 
areas have a coarse grain and are relatively brittle. 
This grain size cannot be refined by heat treatment, al- 
though ductility will be helped some if given a full an- 
neal of 1500° F. and cooled at 300° F. per hour maxi- 
mum. This condition of brittleness makes necessary 
the recommendation that these steels not be used where 
subject to shock at temperatures below 600 to 700° F. 

Welding characteristics are similar to the lower 
chrome alloys. Electrodes should have a type-15 
coating and welding done while preheated at 600° F., 
followed by postheat of 1350 to 1425° F., cooling at 
300° F. per hour maximum. 

These steels are used where resistance to oxidation 
must be high and where stress is low. 

Rates of heating and cooling consistent with good 
heat-treating practice have been much a matter of slow 
rise and cooling. 

This practice is very satisfactory by any method of 
heating and is necessary where the heat is supplied by 
surface application, thus giving time for even distribu- 
tion of heat throughout. Advancements in preheat and 
postheating methods have given an electrical heating 
method known as induction heating (Figs. 4 and 5), 
whereby an electrical flux and eddy currents through 
the pipe, caused by a superimposed coil or wrapping, 
induce a heat throughout the base material of even in- 
tensity. This, preliminary experiments indicate to a 
great degree, eliminates the necessity of a slow rise in 
the temperature as the only time during the heating at 
which there is any wide differential between the heated 
band and the adjacent pipe in the initial shock of start- 
ing the rise. 

Tests on 2'/,% chrome pipe, 8-in., schedule 160, in- 
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Photo Courtesy of Electric Arc, Inc. 


Fig. 4 Stress relieving pipe joint 


dicate no appreciable difference in Brinell hardness or 
Charpy impacts between pipe heated from room tem- 
perature to 1400° F. in 24 min. and pipe where the heat 
rise was 200° F. per hour (Figs. 6, 7 and 8). In each 
case the holding time was 2 hr. and the cooling rate 
200° F. per hour. 


GROUP 6 


The austenitic steels—essentially an alloy of iron, 
nickel and chromium. All of the high chromium- 
nickel austenitic steels possess the usual characteristics 
of that type; namely, low heat conductivity, compara- 
tively high coefficient of expansion, nonmagnetic, in- 
ability to harden by heat treatment, work-hardening 
properties and satisfactory toughness. They are an- 
nealed or fully softened by cooling rapidly from a high 
temperature, usually around 2000° F. Many modified 
forms of these high chromium-nickel steels have been 


Fig. 6 Steel base material from ends of pipe used for heating rate experiments. 


328 


McNutt—High-Temperature Piping 


Photo Courtesy of Electric Arc, Inc. 


Fig. 5 Preformed coils in place on vertical 12-in. pipe 
showing position for preheating 


developed for special purposes. These include the ad- 
ditions of columbium, manganese, molybdenum, silicon, 
titanium and tungsten in piping and other high-temper- 
ature materials. These additions may have a marked 
effect upon the structure and heat and corrosion re- 
sistance of the resultant steels but little or no effect on 
bending or forging temperatures or heat treatment. 
‘So.rapid has been the progress in developing new 
combinations and types that it is difficult to decide 
upon the relative merits of many of them. Limited 
time confines this discussion to the ones used most for 


Vid 
Before heating. Magnification 500 X 
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Fig. 7 Structure of the pipe heated at a fast rate. A 

spheroidized carbide structure such as this is the type 

expected upon heating the pipe at 1400° F. The hardness 

of this structure is 136 Brinell and the V-notch Charpy 
value is 110 ft.-lb. Magnification 500 


high-temperature, high-pressure services commonly 
found, starting with the grade used most, Type 304. It 
has good resistance to oxidation and high creep strength, 
used for temperatures up to 1500° F. Chrome-carbide 
precipitation at temperatures of 800 to 1600° F. does 
not preclude its use for high temperature but does 
affect its corrosion resistance to some liquids. Used 
successfully for still tubes, boiler tubes and steam piping 
at elevated temperatures. 

Piping of this alloy of 18-chrome—8-nickel is readily 
bent at 1750 to 1850° F. and rapidly cooled by water 
quench where possible. It should be borne in mind, 
however, that most stainless steels have a hot short 
range which should be determined prior to forming or 
bending operations. Anneal by heating to 1950 to 
2000° F. and quench. As precipitated carbides are 
dissolved and held in solution by this treatment, some 
engineers prefer to reprecipitate the carbides at 1600° F. 
after hot bending or solution heat treating. 

Welding of this steel is readily accomplished by using 
any of the better grades of 19-9 electrodes. Amperage 
and voltage settings should be 105 to 110 amp. at the 
electrode 24 to 26 v. for '/s in. diameter, and 135 to 145 
amp. at 25 to 27 v. for the °/3:-in. diameter electrodes. 
It is to be recommended that electrodes for use on the 
austenitic steels be purchased subject to restrained 
tests such as the Navy specification before acceptance of 
shipment. Such tests will many times repay their cost 
in finished result. 

Types 321 and 347 are used much the same as 304 for 
hot forming and welding. Type 321 has had titanium 
added to impart substantial immunity to intergranular 
corrosion, while Type 347 has had columbium added for 
the same purpose. Some engineers deliberately pre- 
cipitate titanium or columbium carbides with a 2-hr. 
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Fig. 8 One of the structures occurring in the pipe heated 

at a normal rate. Spheroidization of the carbides is the 

result of heating at 1400° F. The hardness of this struc- 

ture is 143 Brinell and the V-notch Charpy impact value 
is 102 ft.-lb. Magnification 500 X 


treatment at 1600° F. after any hot forming or solution 
heat treating. 

These two stainless steels in the 18-8 range are com- 
monly used for superheater tubes, steam piping and 
such installations where high-temperature service is re- 
quired. Type 347 has a slightly higher elevated-tem- 
perature strength than 304 or 321. 

Type 316 of the 18-8 chrome-nickel steels is used for 
temperature service up to 1500° F. and is similar to 304 
except that the addition of molybdenum greatly en- 
hances its creep strength at temperatures up to its use- 
ful limit. Hot forming and welding are similar to the 
previous grades except that welding electrodes should be 
of molybdenum content. 

The higher chrome and nickel steels, that is, 25-12 
and 25-20, have very high resistance to corrosion and 
oxidation with lower creep strength than Type 316, and 
are used for resistance to oxidation up to 2000° F. Hot 
forming and welding are somewhat similar to Type 304, 
using proper welding electrodes for the base material 
being welded. 

In closing this discussion of high-temperature piping, 
let us look further into the peculiarities of welding the 
austenitic steels. 

We have found previously that the application of 
heat to the steels of air-hardening properties prevented, 
to a great extent, the tendencies of cracking. How- 
ever, as we approach the range of steels which are not 
hardenable by heat treatment (the austenitic steels), 
there is an added condition—the greatly decreased 
thermal conductivity and increased expansion. 

This decrease in thermal conductivity along with an 
increase in expansion apparently has the effect, when a 
weld deposit is being made, of a slight upsetting action 
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in the base material below the deposited metal as the 
process of heat transfer and expansion occur. As suc- 
cessive layers of deposit are made, this seems to build up 
stresses within the weld and adjacent metal. It has 
been the practice of some engineers, in an effort to elimi- 
nate this condition, to maintain a base-material tem- 
perature low enough to create a chilling effect upon the 
weld deposit as it is being made, in order to duplicate as 
nearly as possible the high heat and quench effect of 
heat treatment for austenitic steels. This chilling effect 


is most easily accomplished by use of a water spray 
played continuously, usually on the inside of the pipe 
while welding is in progress, starting as soon as the first 
bead has sealed the root opening. 

This paper has been presented to you as a report on 
fabrication and welding procedures for alloy-steel piping 
for high-temperature service recommended by your 
speaker and does not preclude the possibility of other 
successful methods. 


Need of Professional Training for the Welding 


Engineer 


by A. G. Bissell 


HE question before us is “The Need of Profes- 
sional Training for the Weiding Engineer.”” Since 
the individual we are discussing is an engineer, 
obviously he should have an engineering education 
to give him the basic fundamentals necessary to in- 
fluence his methods of attacking and solving engi- 
neering problems. There is no reason why a welding 
engineer should be lacking in these qualities any more 
than any other engineer. When the world at large 


* realizes that Welding Engineering cuts across the board 


and involves most of the practices and application of 
just about every branch of engineering and not just the 
melting of so much weld metal, the requirements for 
the welding engineer will be appreciated. 

Quite some time ago industry learned that to apply 
welding to their particular branch meant more than 
buying a welding machine, hiring a welder with 15 
years of experience and relying on the salesman that 
sold the machine or the welding rods or electrodes to 
help them work out their welding problems. They soon 
found that a man with a good sound engineering educa- 
tion backed up with years of actual welding experience 
paid off in the results obtained. And don’t discount 
the years of practical experience. They are necessary. 
The experience of unsuccessful as well as the successful 
application is necessary to place the welding engineer 
in the position to positively say this is how it should be 
done. With a good engineering background, he is in a 
better position to be able to absorb the practical ex- 
perience and use it to the best advantage. This experi- 
ence will involve problems in Mechanical, Chemical, 
Electrical as well as Civil and Metallurgical Engineer- 
ing and a thorough grounding in Physics. 


A. G. Bissell, Civilian Head and Technical Director, Welding and Metals 
Branch, Bureau of Ships, Navy Dept., Washington, D. C 
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Let us realize, however, that the fact that the man 
has an engineering degree does not make him a success- 
ful welding engineer since there are not too many of 
the universities that give more than a token training 
with practical aspects of welding engineering. The 
fact that the student is thrown in contact with welding 
in his shop courses leaves much to be desired when it 
comes to the actual practice of welding fabrication. 
Recently the curricula of several universities have been 
set up with a sensible viewpoint of the subject and 
good practical applications of the various welding 
processes are made utilizing the sound basic practice 
of the engineering principles learned in the regular 
engineering studies. 

Occasionally we do have men who do not have a 
formal engineering education. However, while they 
may not have attended a university for a full 4-year 
course they have obtained good basic engineering 
training as a result of their own perseverance and 
ability to absorb such data from information available 
in libraries and current technical literature, which, 
combined with extensive practical experience, makes it 
possible for them to solve welding fabrication problems 
that might stump their college-educated brothers with- 
out the years of actual practical experience. 

The schools that today are giving the standard engi- 
neering courses augmented with courses peculiar to 
welding and its application, combined with good prac- 
tical experience in actual on-the-job work, are in an ex- 
cellent position to give the broad basic education which 
is required by a successful welding engineer. His basic 
engineering training fits him to sift the wheat from the 
chaff and makes it possible for him to understand the 
problems before him. However, he must experience the 
actual contact on the job in the many phases of weld- 
ing and welded fabrication to learn the right from the 
wrong. 

And, as stated by a well-known shipbuilder, ‘‘After 
about 10 years of on-the-job experience he should be 
able to give an ample return for the salary he receives.” 
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Welding Aluminum Alloys 


by G. O. Hoglund 


ELDING as a tool for assemblying the nonferrous 

metals is just about as important to industry as 

welding the ferrous materials. The general 

principles and definitions of the welding art 
apply to both nonferrous and ferrous welding. The 
details, however, are different. Today we are con- 
cerned with those details used when welding the alumi- 
num alloys. 

It will be difficult to cover all phases of this inter- 
esting but broad subject in the time allotted. We had 
better stay close to the outline prepared by those who 
arranged this course. That is, consider properties, 
procedure, inspection, design and application in turn 
and in as much detail as possible. 


PROPERTIES 


Some knowledge of the aluminum alloys is essential 
to weld these materials intelligently or economically. 
Broadly, there are two phases of the subject. One 
phase concerns the mechanical properties, the melting 
range, the chemical composition and includes all the 
physical factors which define these alloys. The other 
phase concerns the metallurgical effects of welding, 
which in principal is much the same regardless of the 
welding method and is important because it explains 
the “why” or reason a specific practice is developed or 
adopted. 

The first phase can be handled briefly and simply by 
tabulating the values. This has been done for some 
21 cast alloys and 14 wrought alloys. The entire 
series is published in the 1950 edition of the Welding 
Handbook and there would be little point in repeating it 
here. We need only add that aluminum alloys are 
produced in many forms. Wrought alloys in the form 
of sheet and plate, tubing, extrusions and forgings 
have similar welding characteristics regardless of their 
form. Aluminum alloys are also produced in cast form 
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as sand, permanent mold or die castings. Both sand 
and permanent mold castings are welded in the foundry 
to effect minor repairs and in combination with most 
of the wrought forms. Substantially the same welding 
practices are used on both cast and wrought metal. 
Die castings have not been used where welded con- 
struction is required. Special aluminum products, 
such as foil or wire, are welded using practices specially 
adapted to thin sections. 

The second phase concerns the metallurgical effect 
of welding heat on the strength and structure of the 
wrought aluminum alloys. This phase will be en- 
larged upon to provide you with some understanding 
of the metallurgical effects caused by welding. Alumi- 
num alloys may be broadly classified as nonheat- treat- 
able and heat-treatable. These must be considered 
separately. 

The nonheat-treatable alloys 
manganese and magnesium or combinations of these 
metals, and a substantial increase in mechanical proper- 
ties is obtained compared to the strength of pure alumi- 
num. In the annealed or soft temper (—0), the com- 
position of the alloy wholly controls the strength, 
while in the strain-hardened or ‘‘H”’ series of tempers, 
the degree of strain hardening is the controlling factor. 

The effect of welding on the base metal varies with 
the distance from the weld and may be divided roughly 
into areas which reflect the temperatures attained by 
the metal. Obviously, these areas or zones are not 
sharply defined, since the heat distribution changes 
from point to point. When welding the nonheat- 
treatable alloys, three zones are apparent as follows and 


primarily contain 


are shown in Fig. 1. 


Thermal process involved or change effected 

Weld bead with as-cast structure where base 
metal is alloyed with weld metal 

Region where heat from welding causes re- 
crystallization or annealing 

No change, original condition 


Area of zone 
Weld metal 


Annealed 


Unaffected 


The alloying elements in heat-treatable aluminum 
alloys are dissolved in aluminum at high temperature 
by the process commonly known as solution heat treat- 
ment. Substantial increase in strength is obtained by 
quenching to retain the constituents in solution. An 
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Fig. 1 Macrosection showing structure of weld in nonheat-treatable aluminum alloy 


additional increase in strength is effected by precipita- operation, because temperatures effecting the solution 
tion of a portion of the soluble elements in finely of the constituents are obtained in the transition zone of 
divided form. Welding in a sense is a heat-treatment a weld. 


CROSS SECTION OF INERT-GAS-SHIELDED ARC WELD IN 3/8" 14S-T6 PLATE 
ETCH: HF ~ HCL MAGNIFICATION 2. 5X 


m 


MICROSTRUCTURE IN VARIOUS ZONES IN ABOVE WELD 
MAGNIFICATION !00X 


WELD METAL FUSION ZONE SOLID SOLUTION PARTIALLY ANNEALED UNAFFECTED 
OR OVERAGED 


Fig. 2 Macrosection showing structure of weld in heat-treatable aluminum alloy 
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When the heat-treatable alloys are welded, more 
complicated effects are noted. These are identified as 
follows and are shown in Fig. 2. 


Zone Description 
Weld metal....... Weld bead with as-cast structure where base 
metal is alloyed with weld metal 
Fusion zone....... Region where partial melting of the basemetal 
occurs at grain boundaries 
Solid solution. ... . Region where heat from welding is high 


enough to dissolve soluble constituents 
which are retained in solid solution when 
cooling is sufficiently rapid 

Partially annealed. Region where heat from welding causes pre- 
cipitation of soluble elements to the ex- 
tent that partial annealing occurs 

Overaged......... Region where heating is in the range in which 
the precipitation associated with an over- 
aged condition occurs 

Unaffected........ Region where heat of welding has not altered 
the structure 


The phenomena described above have an important 
bearing on first, choice of filler alloy, and second, 
strength across the weld. 

Alloys do not solidify at a fixed temperature but over 
a range. Solidification begins at the liquidus and is 
complete at the solidus with a resultant mixture of 
solid and liquid extending over what is called a mushy 
stage. It is preferable that the filler metal has a low 
melting point and that it solidifies over a temperature 
range. When the welding pool freezes, the filler metal 
solidifies last and the contraction stresses that are 
sometimes sufficient to cause cracking at the edge of 
the weld are taken up by the casting in the mushy state. 
The filler metal must have a high degree of fluidity, 
and have sufficient strength and ductility at elevated 
temperatures to withstand the stresses imposed by 
thermal and solidification contraction. 

The selection of filler metal is based on welding char- 
acteristics, such as fluidity and cracking tendency, and 
on corrosion or strength requirements. The alloy 28 
(commercially pure aluminum) is employed as filler 
metal when maximum resistance to corrosion and high 
ductility are of prime importance in the weldment. 
The alloy 438 is generally employed for greater strength 
and to avoid cracking. Other aluminum alloys are em- 
ployed occasionally for specific applications where 
the strength or resistance to corrosion requirements 
of the weldment are such that special procedures of 
welding technique may be employed. 

The heat of welding decreases the strengths of both 
nonheat-treatable and heat-treatable aluminum alloys 
except when they are in the annealed or in the as-cast 
condition and may in some cases also lower their resist- 
ance to corrosion. The effects of strain hardening in 
the nonheat-treatable alloy class are partially or wholly 
destroyed by heat, depending upon the temperature 
attained as well as the period during which the tem- 
perature of the material is about 400° F. or higher. 
The effects of solution heat treatment and precipita- 
tion heat treatments for the heat-treatable aluminum 
alloys are adversely affected by the heat of welding. 
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The extent of the detrimental effect increases with tem- 
perature and time at temperatures over 400° F. Alloys 
containing substantial amount of copper suffer not 
only from loss of strength but also from loss in resist- 
ance to corrosion when subjected to the heat of weld- 
ing. 

Heat treatment after welding is sometimes feasible 
and results in a substantial increase in joint strength. 
The design and geometry of the part determine the 
practicability of such an operation. Heat treating 
after welding dissolves soluble constituents in the weld 
metal and the coarse and fine precipitated particles 
in the base plate. A more homogeneous condition 
results throughout both the cast and wrought materials. 
Quenching retains this solid solution condition while 
subsequent precipitation, at room temperature or at a 
moderately elevated temperature, when artificial aging 
is employed, takes place fairly uniformly in the form of 
finely divided particles. Thus, the maximum strength 
and resistance to corrosion of the base plate are realized, 
with some sacrifice in ductility. The strength of the 
joint is dependent upon that of the cast material in the 
weld zone. 


PROCEDURE 


Procedure for welding aluminum alloys includes most 
of the commercial welding process. If AMERICAN 
WELDING Soctety’s master chart of welding processes 
(Fig.3) is used as aguide, it can be seen that thealuminum 
materials are assembled by 6 or the 8 major classifica- 
tions of welding processes. Classifying each of these 
groups and naming specific welding methods show that 
22 of the 37 methods are applied to the aluminum al- 
loys. The general principles that are particularly 
important when welding aluminum by these methods 
are concerned in the following: 


Gas Welding 


Oxyacetylene and oxyhydrogen welding were the 
first of the commercial welding methods to be applied 
widely. Considerable data exist to justify the con- 
clusion that there is little difference in soundness, 
strength or resistance to corrosion in welds made with 
either gas. 
made with the various oxypropane gas derivatives or 
with air natural gas flames, except that the welding 
rate with the latter combination is slower. 

Gas welding is used on material ranging in thickness 
from about 0.030 in. minimum up to 1 in. Thinner 
material can be welded, but requires exceptional skill 
on the part of the operator to control the operation. 
Metal thicker than 1 in. is difficult to weld because 
the good thermal conductivity of the parent material 
results in the welding heat being conducted away from 
the weld zone so rapidly that it is almost impossible to 
supply sufficient heat with a flame to form a weld pool. 

Edge preparation is similar to that used on other 
materials. Material up to '/s in. thick can be welded 


The same seems to be true when welds are 
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: without edge preparation. Heavier material is pre- 
_ pared by using a 90-120° angle at the joint machined 
_ either from one or both sides depending on accessibility 
' to the joint. Material */, in. thick and heavier is usu- 


Fig. 3 Classification of standard welding processes 


easier the control 


ally preheated to increase the speed 
of the welding operation. Tempera- 
tures up to 750° F. are used for pre- 
heating, depending on the size and 
geometry of the parts. Size of flame 
and data on welding materials are 
shown in Table 1. 

Most welding engineers are familiar 
with the fact that all the aluminum 
materials are covered with an oxide 
coating. This coating varies, de- 
pending on the exposure the parts 
have received and to some extent on 
the methods used in fabricating the 
part. The standard practice for 
breaking up this coating is to use a 
flux. Many good fluxes for gas weld- 
ing, for some arc-welding prucesses 
and for brazing are being marketed. 
As the fluxes used for these opera- 
tions have similar characteristics, 
practices for handling, mixing, ap- 
plying and finally removing them will 
be covered in a separate section later 
in this discussion. (See Figs. 4-8.) 


Are Welding 


Most of the new developments in 
the field of welding the aluminum 
alloys have been made in one of the 
several arc-welding processes. There 
are several reasons for this. Arc 
welding is more economical. Suf- 
ficient heat can be concentrated in a 
weld zone with an are to weld very 
thick sections. The narrow heat dis- 
tribution near a weld lessens the ex- 
pansion that occurs and thus makes 
of distortion from the welding op- 


eration. The processes of commercial importance 


are the shielded 


metal are, atomic hydrogen, carbon 


are and the inert-gas metal are. 


Table 1—Gas Welding Aluminum Alloys 
! 5 Metal Oxyhydrogen Oxyacetylene Wire Wire per Flux per Rate of 
Jthickness, in. tip diameter, in. tip diameter, in. diameter, in. 100 ft.-lb. 100 ft-lb. Welding, ft./hr. 

0.025 0.035 0.025 0.093 2.5 1.75 14.0 
0.032 0.040 0.031 0.093 3.0 1.75 13.5 
0.040 0.046 0.035 0.093 4.0 2.0 13.0 
0.051 0.052 0.040 0.125 5.0 2.0 12.5 
0.064 0.063 0.046 0.125 6.0 2.25 12.0 
0.081 0.076 0.055 0.125 7.5 2.5 11.3 
0.101 0.081 0.059 0.146 9.0 2.75 10.5 
0.125 0.096 0.063 0.146 12.5 3.0 10.0 
0.187 0.104 0.070 0.146 16.5 4.0 9.0 
0.250 0.110 0.076 0.184 20.0 5.5 8.0 
0.312 0.116 0.086 0.184 25.0 8.0 7.0 
0.375 0.125 0.096 0.184 30.0 10.0 6.0 
0.437 0.128 0.089 0.250 32.5 12.0 5.5 
0.500 0.136 0.096 0.250 35.0 15.0 4.5 
0.625 0.149 0.104 0.312 40.0 18.0 3.0 
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Fig. 4 Gas welding gasoline tank for use in bus. Oxy- 
hydrogen weld in Al-Mn (38) sheet 


Fig. 5 Acetic acid tankage of gas-welded construction 


Shielded-Metal-Arc Welding 


Metal-are welds can be made with standard d.-e. 
motor generator sets used for welding other metals. 
The proper polarity to be used should be determined 
by trial on the joints to be made. The capacity of 
the equipment and the electrode size are determined by 
the thickness of the material to be welded. Table 2 
provides approximate machine settings and electrode 
sizes for welding various thicknesses of aluminum. 
No suitable electrode has been developed for shielded- 
metal-are welding with a.-c. current. 

Electrodes used in shielded-metal-are welding are 
coated with a welding flux that stabilizes the arc and 
also removes the oxide coating. The presence of 
water in such coatings is a major cause of a porous 
weld structure and the coating must be thoroughly 
dry before use. Drying can be effected by heating the 
electrodes for several hours at 400 to 500° F. All the 
flux mixtures contain hygroscopic salts that will pick up 
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Fig. 6 Gas welding aluminum alloy tank. 


welding 


Vertical 


Fig. 7 


Gas-welded aluminum-alloy tank car built in 1928 


and still in use 


Fig. 8 Gas welding aluminum casting 
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Table 2—Electrode Size and Machine Settings for Metal-Are Welding 


No. of 
—weld passes——— ————Electrode consumption—--——~ 
Metal Approximate Lap and Butt Lap Fillets 
thickness, in. Electrode diameter, in. current, amp. Bult fillets 'b/100 ft. b./100 ft. tb./100 ft. Electrodes /lb. 

0.081 '/s 60 1 1 4.7 5.3 6.3 32 
0.101 ‘/y 70 1 1 5.0 5.7 6.3 32 
0.125 "/s 80 1 l 5.7 6.25 6.3 32 
0.156 1/5 100 1 l 6.3 6.5 65 32 
0.187 5/y 125 1 1 8.7 9.0 9.0 23 
0.250 /ig 160 1 1 12.0 12.0 12.0 17 

*/,efor laps and fillets, 
0.375 '/, for butts 200 2 3 25 29 35 17 

*/1¢ for laps and fillets; 
0.500 '/, for butts 300 3 3 35 35 35 17 


moisture. Deterioration of electrodes occurs on ex- 
posure to the atmosphere. Such deterioration can occur 
within a few hours under conditions of high relative 
humidity. In view of this, it is desirable to store elec- 
trodes in a dry location and, in addition, to apply a 
drying operation as described above before the elec- 
trodes are used. 

The minimum thickness that can be metal-are welded 
commercially is about 0.081 in. No definite maximum 
thickness exists, as the process can be used on metal 
up to any thickness that might require welding. Welds 
are made much more readily in the down-hand position. 
Welds in the vertical position also are feasible, but 
great difficulty is experienced when attempting to weld 
in the over-head position. (See Figs. 9 and 10.) 


Atomic Hydrogen Welding 


Atomic hydrogen welding is used for assembling 
aluminum parts. In this process, a stream of hydro- 
gen is directed into an are drawn between two tung- 
sten electrodes. Good results have been obtained 
from the standpoint of soundness and strength of welds 
in the aluminum alloys with both manual and auto- 
matic atomic hydrogen welding equipment. 


“Fig. 10° Metal-arc welded cyclotron vacuum chamber 
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Fig.9 Metal-are welding aluminum frame structure 


Table 3—Machine Settings for Atomic Hydrogen Welding 
Hydrogen 


consumption, 
cu. ft. per hour 


Filler 


Thickness, in. Current, amp wire diameter, in 


0.064 10 30 
0.081 15 30 
0.101 21 40 8/50 
0.125 27 40 3/6 
0.187 33 45 
0.250 39 45 
0.375 45 15 1/4 


Since this process involves an arc that is formed be- 
tween electrodes in a torch, it is possible to control the 
extent of the heated zone on the parts being welded by 
moving the torch away from or toward the work. 
Filler metal is applied manually in much the same man- 
ner as when gas welding. 

Atomic hydrogen welding is usually performed with 


standard gas welding flux. Both sides of the joint 


are painted with a water mixture of the flux, and the 
welding rod is dipped in the mixture prior to welding. 
This technique of welding resembles that for gas welding 
and requires some practice in order that the operator 
may become adept in holding the are and controlling 
Butt welds can be made in material 


the weld puddle. 


Joint preparation is similar to that used for 
Rod size and welding current, as shown 


cially. 
gas welding. 
in Table 2 for shielded-metal-are welding, are also ap- 


proximately correct for manual carbon-are welding. 

This process has also been adapted to automatic 
equipment where the quantity of welding justifies the 
initial cost. Such installations have been used com- 
mercially for assembling aluminum alloy tank cars. 

Standard automatic equipment with a superim- 
posed alternating current field to control the are is 
used for this work. Data on machine settings, filler 
material and flux are shown in Table 4. This informa- 
tion applies to butt joints and represents average con- 
ditions. Some adjustment of the variables shown 
must necessarily be made on individual jobs, although 
the information is suitable for all of the weldable alumi- 
num alloys. 

No edge preparation is required on butt joints other 
than fitting the parts so that the abutting edges meet 
uniformly along a straight line. Use of a backing is 
essential, and this is usually a '/, in. thick or thicker 
copper bar with a '/i. in. deep by */s in. wide groove 
placed directly below the joint. Metal-are tack welds 
or clamping devices are used to hold the edges in align- 
ment. 


Table 4—Machine 


Settings for 


Automatic Carbon-Arc Welding 


Rod 


Wire speed, 


consumption 


Flux consumption 


Welding speed, 


Thickness, in. Current,amp. Arcvoltage Rod size, in. in. /min. per 100 ft. weld, lb. per 100 ft. weld, lb. in. /min. 
0.188 310 35 5/s5 16.8 2.5 17 16 
0.250 360 36 5/s0 20.3 3.68 21 14 
0.312 380 38 1/, 9.6 4.78 26 12.3 
0.375 390 38 Vy 10.2 5.0 28 12 

410 1/ 7.8 51 


from '/i up to */s in. thick and heavier. Approximate 
values for current and wire sizes are shown in Table 3. 
The effect of the welding heat on the flux is more 
severe than when gas welding, and after the joint 
solidifies, a heavier scum than usual is present on the 
surface. This will interfere with laying down subse- 
quent weld beads, and removal of the flux deposit is 
usually required where more than one weld bead is used 


to make the joint. 


Carbon-Arc Welding 


Carbon-are welding has also been widely used for 
welding aluminum. The reason for this is that sound 
welds, comparable in structure and appearance to gas 
welds, can be made with substantially less distor- 
tion in the parts. Both manual and automatic meth- 
ods are used. 

The technique for manual carbon-are welding is 
similar to that used for other metals. A flux-coated 
welding rod is used to supply filler material. Im- 
proved welding speed and appearance will result with a 
welding rod covered with a thinner coating than with 
the standard metal-are electrode, although the latter 
is frequently used for filler material. Material from 
1/1, in. thick to about */s in. thick is welded commer- 
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Fig. 11 Equipment set up for automatic carbon are 
welding 
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Powdered flux is fed to the joint automatically, and 
there are several good fluxes available for this purpose. 
Filler metal is also fed automatically. The same alloys 
used for gas welding can be used for this process, al- 
though hard drawn rather than annealed wire will feed 
more uniformly through the wire feeder. (See Fig 11.) 


Welding Flux 


All the welding processes mentioned so far require 
the use of a flux to break up the oxide coating on the 
metal and to permit smooth coalescence of the molten 
parent and filler metal. In each case a flux composi- 
tion has been developed with a melting point to suit the 
particular procedure. Fluxes are manufactured and 
stored in powder form and are usually mixed with water 
for application to the work and the filler metal. Gen- 
erally, a mixture of two-thirds flux and one-third water 
is satisfactory for welding. 

Practically all aiuminum welding fluxes contain 
chlorides and fluorides. Residual deposits on the 
joints after welding will, in the presence of moisture, 
attack the base metal. Thorough cleaning is necessary 
on parts that are to be painted, because paint coatings 
will not adhere in the presence of flux. Several methods 
are used for this purpose, depending on the size and 
shape of the parts. If the part can be immersed im- 
mediately after welding and both surfaces are ac- 
cessible, the cleaning can be done with a fiber brush in 
boiling water. Large chemical tanks which cannot 
be immersed conveniently are cleaned by scrubbing 
the joints with a brush and a stream of fresh water and 
then rinsing. 

It is sometimes desirable to remove the welding flux 
and obtain a uniform etched finish in the same opera- 
tion. This can be done by immersing the part for 10 
to 15 min., depending on the amount of etching that is 
_ desired, in a wood tank containing a solution of 10% 
_ nitric acid* and 0.25°% hydrofluoric acid.* The bath 
_ tank and the cold water tank should be constructed of 
_ wood (cypress preferred) caulked with an asphalt-base 
caulking compound, and painted inside and outside 
_ with 4 or 5 coats of short-oil phenolic resin varnish or 
_ acid-resistant material. After completely draining the 
_ acid from the part, it should be immersed in cold water. 

This is followed by a hot water rinse, in which the time 
_of immersion should not exceed 3 min. to avoid stain- 
_ ing of the etched surface. 

The efficiency of the cleaning operations can be 
checked with an acidified solution of 10% silver ni- 
trate. This is done by applying a few drops of dis- 
tilled water to the surface where the presence of weld- 
ing flux is suspected. After a few moments, enough 
of the flux will go into solution in the water so that if a 
drop or two is collected and in turn dropped into the 
silver nitrate solution, a white precipitate will be 
formed if flux is present on the part. If the solution 
remains colorless, it can be assumed that cleaning 
operations have been adequate. 


‘Commercial acids. 
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Practically all fluxes contain fluorides, and certain 
safety precautions should be observed in handling and 
mixing these materials. 

One phase of this problem concerns the fumes that 
may be generated by the welding operation. Such 
fumes may be disagreeable and slightly irritating if 
inhaled in high concentration, so their inhalation 
should be avoided. When gas welding, torch brazing or 
atomic-hydrogen welding in the usual shop at- 
mosphere and not in an enclosed vessel, the concentra- 
tion of fumes is slight and no special precautions need 
be taken in the way of forced ventilation. When 
metal-are welding or carbon-are welding, however, the 
quantity of fumes formed is substantially greater and 
such fumes should be collected and exhausted to the 
outside of the building. Fumes from these operations 
contain finely divided particles of flux which should not 
be inhaled. In addition, deposition or condensation 
of the fumes on steel structures or equipment in the 
shop will in time cause rusting. 

Another phase of the ventilation problem concerns 
handling and mixing the fluxes. Care should be taken 
so that only a minimum of dust is raised in the at- 
mosphere when opening flux packages or in mixing 
the flux. Personnel handling flux should be instructed 
to wash their hands before eating, and if flux-handling 
operations are carried on continuously, they should be 
equipped with respirators. Food and lunches should 
not be stored or eaten in locations where contamination 
from flux dust may occur. 


Inert-Gas-Shielded Metal-Arc Welding 


The development of the inert-gas-shielded metal-arc 
welding processes in which no welding flux is required 
has substantially expanded the use of welding for as- 
sembling aluminum alloy part. The process has the 
additional advantage that welding in the down-hand, 
vertical or over-head position can be accomplished 
with about equal facility. This welding method has 
been used on metal from 0.040 in. thick up to 2'/e in. 
thick. Heavier metal can probably be welded if the 
need arises. 

A.-C. current is used for welding the aluminum mate- 
rials. A tungsten electrode of proper size for carrying 
the welding current is universally applied. Table 5 
shows approximate machine settings for various mate- 
rial thicknesses. 

Practically all welding equipment superimposes 
high-frequency current on the welding circuit for 
stabilization and arc-starting purposes. Shielding is 
accomplished by providing an envelope of argon gas 
at the weld zone. Helium gas of adequate purity is also 
sometimes used. 

Since no welding flux is provided to break up the 
oxide coatings, it is essential that adequate precleaning 
of the work be accomplished to remove foreign mate- 
rials and to reduce the oxide coating to the thin film 
that forms on contact with the atmosphere. On most 
work this is done by wire brushing or rubbing with 
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Table 5—Machine Settings for Inert-Gas-Shielded-Arc Welding 


Tungsten Argon volume Cup opening Filler wire 
Thickness, in. No. passes Current, amp diameter, in diameter, sixteenths diameter, in. 
051 70 
064 80 
081 90 8/5 
101 120 1 
125 140 1 
187 160 1 
250 220 a 
.375 2 300 1 
500t 3-4 400 a 
6 


‘ 


> 


10 


000+ 10-14 500 


20-30 600 


* Multiply reading on oxygen flowmeter by 1.5 to convert from liters per minute to cu. ft. per hour of argon gas. 
t Preheat to 400° F 


- d 2 


we 
Fig. 12 Microstructure of shielded metal-arc and inert- 
gas-shielded-metal-arc welds in 2-in. thick aluminum- 


Fig. 14 Position welding 4-in. L.P.S. pipe line 


r 


Fig. 13 Inert-gas-shielded-metal-arc welding beer barrel Fig. 15 Inert-gas-shielded-metal-arc welded electrical 
bung buss system 
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Fig. 16 Equipment set up for automatic welding beer 
barrel side seam with inert-gas metal-arc welding 


steel wool. Chemical etching can also be used where 
the size and number of the parts justify providing tank- 
age for such etching procedures. The precleaning 
practice developed for resistance welding provides an 
excellent surface on material that is to be inert-gas- 
shielded-are welded. 

Machine welding is used where production justifies 
the tooling cost. There are contour applications and 
many types of joints which cannot be firmly jigged to 
prevent warping. For this type of work, it is difficult 
to provide a machine with a mechanical contour fol- 
lower to maintain the are length within plus or minus 
0.005 in., which is required for quality welding. Equip- 
ment with electronic are-length control has been de- 
veloped to fulfill these requirements. There are also 


-' many applications where a manually-adjustable ma- 


provided. 


chine will suffice where close operator supervision can be 
An automatic filler metal feed is also avail- 


able with either unit. 


stabilization current. 


Some difficulties have been experienced in certain 
localities with this welding method from radio inter- 
ference caused by radiation from the high-frequency arc- 
Precautions to minimize inter- 
ference by shielding, providing better grounding or 


‘operating and installing equipment correctly are shown 


Fig. 17 Automatic welding of oil-cooling ring on diesel 
engine piston 

in reference (2). With proper attention to these fac- 
tors, it has been possible to eliminate practically all 
actual interference cases that have occurred. This 
factor, however, should be considered by an organiza- 
tion contemplating the use of such welding circuits, 
as welding must be discontinued if it causes interfer- 
ence with commercial broadcasting, television or the 
many safety radio services. (See Figs.12-17.) 


Semiautomatic and Automatic  Inert-Gas- 


Shielded-Arc Welding 


A more recent development in the field of are welding 
has been a process in which the filler metal is fed con- 
tinuously through the are. This process also is used 
for both mechanized and manual welding and can be 
used for welding in any position. 

Welding heat is supplied as d.-c. current from a stand- 
ard welding generator. Aluminum-alloy filler wire 
ranging from */¢ to '/s in. diameter is fed continuously 
through the welding are which is drawn between the 
wire and the work. The process requires a high rate 


Table 6—Operating Semiautomatic Data for Inert-Gas-Metal-Are Welding 
— ——Wire Feed -———Welding currenit——— 

Metal Wire Butt and fillet, Lap, Butt and Argon flow, 
thickness, in diameter, in. in. /min, in. /min fillet amp. Lap amp. cu. ft./hr. 
0.125 0.625 125 125 140 140 50 
0.187 0.625 240 185 210 180 50 
0.250 0.625 265 205 245 205 50 
0.312 0.625 280 220 260 230 50 
0.375 0.625 290 230 275 245 60 
0.500 0.094 135 115 320 70 
0.625 0.094 145 ots 335 90 
0.750 0.094 160 350 90 
1.00 0.094 225 425 90 
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of speed in feeding the wire to obtain a stable arc. 
It follows that the deposition rate is high and the weld- 
ing speed high compared to other arc-welding methods. 
Table 6 shows approximate machine settings for such 
welding. 

An inert-gas envelope, either helium or argon or mix- 
tures of these gases, is maintained to blanket the arc 
and the molten-weld deposit. Feeding the wire from 
a reel to the weld is accomplished through a flexible tube 
fitted to the welding gun to control direction and to 
start and stop the weld. 

It is essential that the welding wire be clean if sound 
welds are to be obtained. This is usually accomplished 
by first vapor degreasing. It is also essential to choose 
an etching method that does not roughen the wire sur- 
face, or snagging in the flexible guide tube will be experi- 
enced. The practical solution to this problem seems 


Fig. 18 Semiautomatic inert-gas metal-arc welding cool- 
ing coil to aluminum alloy tank 


Fig. 19 Automatic inert-gas welding I-in. aluminum- 
alloy plate 
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to be to use wire in the hard-drawn temper that is suit- 
ably cleaned and packaged by the supplier. This wire 
is then level wound on a wheel and distributed to the 
user. (See Figs 18 and 19.) 


Resistance Welding 


All the commercial aluminum alloys can be spot and 
seam welded provided the thicknesses involved are not 
too great. Aluminum and aluminum alloys have com- 
paratively high thermal and electrical conductivities, 
and in order to spot weld them, high values of welding 
current and relatively short welding times are necessary. 
A further factor which influences the choice of equip- 
ment for spot welding aluminum is the softening 
of the material at the welding temperature, which 
necessitates a slight movement of the welding elec- 
trode into the material being welded. While this 
movement is small, it must take place in a very short 
time, perhaps in 0.002 to 0.005 sec., and as a conse- 
quence, considerable acceleration of the welding elec- 
trode assembly is necessary if contact is to be main- 
tained between the welding electrode and the material 
welded. For this reason, the moving electrode system 
should possess low inertia and should be so guided as to 
minimize friction. 

A.-C. Spot Welding. One method in wide use is the 
alternating-current method, in which the high-welding 
current is obtained from the secondary of a welding 
transformer having a turn ration from 20:1 up to 100:1. 
The primary of the welding transformer is usually con- 
nected to either a 220 or 440-v., 60 cycle power supply, 
and suitable means are interposed between the power 
supply and the welding transformer to provide a range 
in time of application of welding current from one cycle 
up to 30 cycles. Machine settings for a.-c. spot welding 


are shown in Table 7. 


Table 7—Machine Settings for A.-C. Spot Welding 
Welding force, lb. 


Thickness,in. Time, cycles Current,amp. Min. Maz. 
0 016 4 14,000 200 400 
0.020 6 16,000 300 500 
0.025 6 17,000 300 500 
0.032 8 18,000 400 600 
0.040 Ss 20,000 4100 600 
0.051 10 22,000 500 700 
0.064 10 24,000 500 700 
0.081 12 28,000 600 800 
0.102 12 32,000 800 1000 
0.128 . 15 35,000 800 1200 


In order to properly adjust the current for inter- 
mediate thicknesses of materials, a means of adjusting 
the current in steps of approximately 1000 amp. is 
usually provided. Taps either on the primary of the 
welding transformer or a separate auto-transformer may 
be used. Another method commonly used is to delay 
the ignition of the electronic tubes controlling the 
welding time. ‘This changes the wave shape of the 
welding current and may be used to reduce the current 
from the maximum output of the welding machine down 
to about 50% of this output. Where further reduc- 
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: size and number of condensers required. 


tion in welding current is required, a series parallel 
switch is provided on the welding transformer primary 
to permit adjustment of the current down to 25% of the 


maximum current output. This is usually sufficient 
to cover the normal range of material thicknesses. 

The welding time on alternating-current welding 
machines is controlled by means of a switch in the 
supply line to the welding transformer primary. Both 
mechanically operated and magnetically operated weld- 
ing contractors have been used for this purpose with 
good results. Such a device should control the welding 
time with an accuracy of plus or minus one cycle. 
Improved welding results are obtained when the de- 
vices are adjusted so as to close the circuit at a definite 
point in the voltage wave and to open the circuit when 
the welding current passes through zero, although some 
variation from this ideal condition is permissible for 
welding most of the aluminum alloys. 

Electronic equipment to control the duration of the 
welding current is widely used with alternating-current 
aluminum welding machines. When such equipment 
is provided with means to start the flow of current in 
synchronism with the supply voltage, the appearance 
of the welds and the consistency of weld strength are 
superior to those obtained with less precise timing equip- 
ment. Electronic timing equipment which may be 
used to control the magnitude as well as the duration 
of welding current is often used and provides a stepless 
adjustment of the welding heat. 

Current Demand. One of the chief objections to 
alternating-current spot-welding machines is that the 
high currents for welding aluminum place a very high 
electrical demand upon the system supplying the weld- 
ing machine. This current demand is of intermittent 
nature, single phase and of very low power factor, and 
may disturb other electrical equipment; for example, 
it may cause blinking of lights. This condition may be 
alleviated to a !arge extent by the installation of static 
condensers in series with the primary of the welding 
transformer. The manufacturer of the welding equip- 
ment should be consulted in connection with the proper 


Stored Energy Method. The electrical demand for 
_ spot welding aluminum may also be reduced by the 
" use of several types of stored-energy welding equipment. 


The magnetic stored-energy type of welding machine 
(Table 8) stores the welding energy in an inductor trans- 
former by establishing a direct current ranging from 
100 to 400 amp. in the primary winding of this trans- 
former. Upon the interruption of this current by a 
magnetic contactor, a high value of current is estab- 
lished in the secondary circuit and through the work 
being welded. This current drops to a low value in 
from 0.01 to 0.05 sec. Equipment using this process 
is also provided with an electrode-pressure system which 
permits the welding force to be varied during the weld- 
ing operation. This combination of short-time welding 
current impulse, together with the varying force, re- 
sults in welds of excellent appearance and of very 
sound structure. 

The direct current used in the primary of the induc- 
tor transformer is usually obtained by rectifying a 
three-phase 440 or 220 v. shop supply. The maximum 
power demand for this type of equipment is about one- 
tenth that of alternating-current equipment, welding 
the same thickness of material, as the energy is ob- 
tained by drawing a lower amount of power for a much 
longer time. 

The condenser stored-energy equipment utilizes 
static condensers to store the energy used for welding. 
The three-phase shop power is stepped up in voltage 
and rectified so as to charge the condensers to a voltage 
from 1000- to 3000-v. direct current. When this bank 
of charged condensers is connected to the primary of the 
special: welding transformer, an impulse of welding cur- 
rent rising rapidly to its maximum value and de- 
creasing again to zero at a slower rate is obtained. 
When welding with this equipment (Table 8), a con- 
stant high value of electrode force or an initial low 
force followed by a higher forging force near the end of 
the weld may be used. With proper welding condi- 
tions, welds produced on this type of equipment are of 
excellent appearance and of very sound -structure. 
In this case also, the maximum demand on the power 
systern is about one-tenth that required for alternating- 
current welding equipment. 

Another system of stored energy for spot welding 
which may find considerable use in spot welding alumi- 
num alloys is storage of energy in a rotating flywheel. 
In this system, three-phase supply power is fed to a 


Table 8—Machine Settings for Spot Welding Alclad 24S-T4 or Pureclad 24S-T Sheet with Electromagnetic and Con- 
denser-Discharge Equipment 


Sheet Electrode Electrode force, lbs. 
thickness, in. tip contour Weld Forge 
0.020 3-in. R. dome 350 900 
0.025 3-in. R. dome 390 975 
032 3-in. R. dome 440 1100 
0.040 3-in. R. dome 500 1250 
0.051 4in. R. dome 620 1550 
0.064 4in. R. dome 700 1750 
0.072 4in. R. dome 770 1925 
0.081 4-in. R. dome S40 2100 
0.091 4-in. R. dome 900 2250 
0.102 6-in. R. dome 1050 2600 
0.125 6-in. R. dome 1250 3100 


Welding Shear Trans. turns 
current, amps. strength, lb ratio* 
23,600 210 300 
25,500 300 300 
28,000 430 300 
31,000 580 300 
41,000 1060 300 
44,200 1210 450 
47,600 1380 450 
51,000 1570 450 
57,900 1850 450 
66 800 2180 450 


* For condenser-discharge machines. 
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synchronous motor driving a welding generator, to the 
shaft of which is attached a large flywheel. When the 
heavy welding current is drawn from the generator, 
energy is supplied by the rotating flywheel as it opposes 
the tendency for the generator to slow down under load. 
The three-phase synchronous driving motor places a 
balanced load on the supply system. 

The stored energy systems for welding aluminum 
alloys were devised to solve the power supply problem 
imposed by single-phase alternating-current welding. 
Another method of solving the power supply problem 
has been developed; it consists of a rectifier and 
converter system. The incoming three-phase current 
is converted to direct current by a single ignition tube in 
each phase. Power from all three phases is thus fed 
into a single direct current circuit. Then the direct 
current is converted into low-frequency single-phase 
alternating current by rapidly reversing the direction 
in which it is fed into the primary of the welding trans- 
former. Such a system provides a balanced three-phase 
load of high-power factor on the power supply and 
permits a welding current flow of longer duration than 
do the electromagnetic or electrostatic storage systems. 
These features are advantages in welding thick material 
and in reducing tip pickup. 

Electrodes. The proper choice of electrode shape 
and the maintenance of this shape in production are 
essential for obtaining consistent spot welds on alumi- 
num. The welding electrode serves as a means of 
conducting the welding current into the parts being 
welded, of exerting sufficient pressure on the parts to 
hold them in place while the weld is made and of con- 
ducting the heat from the parts welded to prevent the 
weld zone from reaching the outside surfaces of the 
material. At least one of the electrodes must be of 
such shape that a high concentration of current will be 
obtained in the weld. Most welding operations are 
equipped with electrodes machined to a spherical radius 
on one or both sides ef the work. (See Table 9.) 
sistent strength and size of weld can be controlled by 
refinishing the electrodes periodically with a tool con- 
toured to the proper radius and faces with a fine abrasive 


Con- 


cloth. 

It is essential that electrodes be made from a mate- 
rial having high hardness and high electrical and ther- 
mal conductivity. A number of copper alloys having 
hardnesses greater than Rockwell B-65 and electrical 


conductivities greater than 75% of that of pure copper, 


Table 9—Suggested Spot-Weld Tip Radius 


- Thickness of paris— 
Upto 0.021- 0.033- 0.065-— 0.096 


Temper 0.020 0.0382 0.064 0.094 0.126 
in, in. in. in. in. 
Annealed or as-ex- 
truded 2 3 4 4 
Intermediate temp- 
pers of nonheat- 
treated alloys 2 3 3 4 4 
Heat treated l 2 3 4 4 


Nore: If flat surface on one side is required, one tip is made 


to above radius and other is flat. 
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are used. Hard-drawn copper electrodes of conical or 
dome shape will not maintain their shape in production 
welding and their use is to be avoided. 

The electrodes must be water cooled by a stream 
directed against the end of the electrode water cooling 
hole. This hole should extend to within */s in. of the 
welding face. A water flow of one or more gallons 
per minute should be maintained through the electrode. 

With continued welding, a coating of aluminum 
alloy forms over the face of the electrode. This alumi- 
num alloy is of low electrical conductivity and con- 
tinued welding with it on the electrode surface soon re- 
sults in sticking of the electrodes to the work and melt- 
ing of the surface of the material welded. This “‘pick- 
up” may be removed by dressing the electrodes with a 
fine grade of abrasive cloth. In dressing dome-shaped 
electrodes to remove “pickup,”’ care should be taken 
to maintain the original electrode shape. 

Surface Preparation. Aluminum alloys bear an oxide 
coating, and although welding may sometimes be 
performed without removing or altering this coating, 
better quality welds and more economical welding will 
result if both surfaces of the material are cleaned prior 
to welding. The surfaces of aluminum alloys may be 
prepared for spot welding either by mechanical or 
chemical methods. Mechanical methods of surface 
preparation are employed where the volume of pro- 
duction spot welding is small or where the size of the 
assemblies does not permit the handling necessary for 
chemical methods of surface preparation. 

Mechanical surface preparation may be performed 
with a fine grade of abrasive cloth, fine steel wool or a 
fine motor-driven scratch brush. Chemical surface 
preparation consists of cleaning the parts in an alkaline 
or a vapor degreaser, treating in one of several avail- 
able oxide removal solutions, rinsing in cold fresh 
water and drying. A second rinse in boiling water 
may be employed to facilitate the drying. There are 
commercially available a number of chemical cleaning 
solutions, especially designed for preparing aluminum 
for spot welding, which are applied in accordance with 
the recommendations of the manufacturers of these 
materials. 

A simple room-temperature chemical surface-treating 
solution which works satisfactorily for most aluminum 
alloys consists of 1.5 to 3.0% by volume of 28% hydro- 
fluosilicic acid, H,SiFs, and 0.1% by weight of a wet- 
ting agent to insure intimate contact of the etchant and 
the metal surface. An immersion time of 5 to 10 min. 
is generally employed. Certain alloys, such as 148, 

178, 248, 61S and R361, that do not respond to this 
treatment may be satisfactorily prepared by a 10 min. 
immersion at 180° F. in a 2% by volume solution of 
nitric acid, HNOs, containing 0.2% by weight of a wet- 
ting agent. 

Another economical method of preparing the surface 
for spot welding is to degrease the material and. etch 
the surface in a 10% nitric acid, HNO, 0.25% hydro- 
fluorie acid, HF, solution. This is followed by a cold- 
water rinse and occasionally an additional hot water 
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rinse to promote fast drying. Most materials are 
etched in the mixed acids for 5 min., although this 
time can be varied to suit the requirements of the work. 


(See Figs. 20-23.) 


Inspection 


Control of welding production and evaluation of re- 
search and development in welding the aluminum alloys 
introduce a few special test methods that must be used 
with these materials. These will be described in more 
detail, while conventional test methods useful on other 


ing utensils 


Fig. 21 Spot welding 
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metals will be covered mostly by name where the 
method is not essentially different when applied to 
welds in the aluminum alloys. 

Measurement of mechanical properties is accom- 
plished by testing standard specimens as outlined in 
A.W.S. “Standard Methods for Mechanical Testing of 
Welds.”’ Full and reduced section tensile tests, nick 
break, side, face, root and free-bend tests, guided-bend 
tests and all weld-metal tensile tests are made on stand- 
ard specimens. The methods described in Sec. IX 
of the A.S.M.E. “Boiler Construction Code” for qualifi- 
cation of procedure and operators, are widely used when 
welding the aluminum alloys. Interpretation of the 
results and specific values of minimum requirements 
for the tests depend on the alloy being welded. Only for 
welded aluminum manganese alloy (A.S.M.E. SBI178, 
Alloy Mi) have these values been formalized by of- 
ficial acceptance (A.S.M.E. Special Ruling, Case 996). 
A new nonferrous alloy code covering other alloys has 
been compiled and is now in the final stages of revision 


Fig. 22. Seam welding aircraft floor sections 


Fig. 23 Flash welding chime rings for acid drums 
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by the A.S.M.E. 
up by the American Petroleum Institute and the Ameri- 
can Railway Association and are in the hands of ap- 


Similar regulations have been drawn 


propriate committees for revision. No great delay is 
anticipated in finishing the development of these 
codes. 

Soundness of the weld structure is determined by 
examination of sections taken from the joint and by 
radiographing the joints. Visual or microscopic ex- 
amination of a weld cross section will show porosity, 
cracks, oxide film, lack of penetration or lack of fusion 
where such defects exist. Preparation of suitable 
specimens for visual or examination at low magnification 
can be done simply by finishing the surface with a file, 
followed by smoothing with an abrasive paper (No. 
240 or finer) using a flat wood or fiber block to back up 
Micro- 


scopic examination at high magnification requires a fine 


the paper so that a plane surface is obtained. 
metallurgical polish. Methods for doing this are de- 
scribed in references (2-4). Etching practices to bring 
out the structure depend on the alloy being examined 
and are treated in reference (2). In this connection, 
examination for the presence of cracks in the weld or 
the transition zone should be done on the as-polished 
surface. Etching the surface may obscure this defect 
or in some cases introduce a line of preferential etching 
that has, on several occasions, been misinterpreted as a 
crack. 

X-ray examination of welds in the aluminum alloys is 
primarily useful in determining the size and distribution 
of porosity in a joint, although other weld defects which 
cause voids, such as lack of penetration, will show on a 
radiograph. The presence of oxide film in a weld 
however, may not be shown on a radiograph. The 
density of oxide film is close to that of the parent and 
the weld metal, and a clear image is not obtained by 
X-ray film. The same lack of definition is true when 
attempting to use the X-ray for detecting fine cracks. 
Both of these weld defects are detected more accurately 
by making bend tests or by microscopic examination. 

No official acceptance standards for the size and 
amount of porosity determined by X-ray examination, 
have been adopted as yet. The standard A.S.M.E 
films for ferrous unfired pressure vessels have fre- 
quently been used for this purpose. This expedient, is 
satisfactory to insure high-quality welds but imposes 
unnecessarily high requirements, particularly on welds 
in thick metal. More realistic standards are in process 
of development. 


DESIGN 


There are a few principles to be considered in the 
original design of a welded assembly that should be 
emphasized when using the aluminum alloys. Per- 
haps the most important of these is consideration of the 
strength of welded joints. It is not always possible to 
obtain a strength across the weld that equals the 
strength of the parent metal. The effect of this factor 
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varies depending on the geometry of the assembly, and 
intelligent use of these materials requires an under- 
standing of the strength of the weld. 

Considering first the welding of the nonheat-treat- 
able materials, the strength of the parent material de- 
pends on the alloy and on the temper of the material. 
For example, the aluminum-manganese alloy (A.S.M.E. 
SB178 Alloy M) has a minimum tensile strength in the 
annealed or soft temper of 14,000 psi. This alloy may 
also be supplied as plate or as sheet in various tempers 
having higher tensile strength up to the H18 or 

H28 tempers where the minimum tensile strength 
is 27,000 psi. When this alloy is welded by any of the 
are- or gas-welding procedures the temperatnre at- 
tained near the weld exceeds the annealing or recrystal- 
lization temperature. It follows that, regardless of 
the temper of the original material, the strength across 
the weld is equal to the strength of the annealed temper. 
This is also true when welding other nonheat-treat- 
able alloys in which the annealed strength of the specific 
alloy concerned governs the tensile strength across the 
weld. 

Most economical use of these materials is accom- 
plished in specific designs by locating the welds either 
on the neutral axis or where the stress is lowest. It is 
frequently possible to do this and to take advantage 
of the higher strength of the harder tempers in regions 
away from the welds. In addition, the use of butt 
joints instead of lap or fillet joints results in the more 
efficient use of these alloys, because a higher joint 
strength is obtained through the more uniform dis- 
tribution of stress in the joint and the lack of stress 
concentration at the root of a lap joint. 

Another factor is the ductility in the weld and the 
transition zone, although measured values obtained 
from mechanical tests are not used directly in design to 
establish the minimum metal thickness. If we assume 
that the highest ductility as measured by the conven- 
tional free bend test is best, then the nonheat-treatable 
alloys should be welded with the parent alloy as filler 
metal. Unfortunately, this choice is not always the 
best filler alloy from the standpoint of welding speed or 
freedom from cracking or pressure tightness. Prac- 
tically, the use of commercially pure aluminum filler 
metal for welding commercially pure aluminum or the 
aluminum-manganese alloy (3S) will be satisfactory 
both from the standpoint of shop operations and test- 
ing and will result in ductile welds that meet the stand- 
ards set up on the A.S.M.E. “Boiler Construction 
Code.” Other higher strength nonheat-treatable al- 
loys can be most easily welded with aluminum-silicon 
alloy filler metal, but lower ductility values will be ob- 
tained on weld tests. If the design requires greater 
ductility, the use of parent alloy for filler metal is 
suggested. This can usually be accomplished, but may 
require some preliminary testing to establish a weld 
procedure that will result in freedom from cracking in 
and near the joints for the specific design being con- 
sidered. 

Designing for welding the heat-treatable alloys also 
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PER CENT 


TENSILE STRENGTH, 


(BOTH FULL-SECTION AND 
REDUCED-SECTION SPECIMENS) 


(FREE BEND SPECIMEN) 


ELONGATION, 


THICKNESS OF PLATE, IN. 


LEGEND 
AVERAGE 


WITH 43S FILLER WIRE AND ARGON-SHIELDED 


avenace | ARGON-SHIELDED TUNGSTEN-ARC WELDS 


MINIMUM CONSUMABLE 43S ELECTRODE 


NUMBER OF TESTS INDICATED BY ADJACENT FIGURES 
Fig. 24 Strength and ductility of welds in 61S-T6 plate 


requires that the affect of the welding heat on the 
strength of the heat-treated tempers be established. 
This field has not been explored thoroughly, and the 
strength of most welded applications has been estab- 
lished by testing the particular structures to develop 
the proper geometry and joint thickness. 

A magnesium-silicide aluminum alloy (618 or R361) 
has been used for the great majority of the applications 
where a heat-treated alloy must be welded. This alloy 
in the heat-treated (—T6) temper has a minimum ten- 
sile strength of 42,000 psi. The strength across a 
butt-welded joint is somewhat less than this, depend- 
ing on the thickness of the metal. Figure 24 shows the 
strength as a function of the metal thickness compiled 


from the available ‘test data on this alloy and temper. 

Heat treating after welding can be done on some ap- 
plications. The tensile strength can be raised by such 
operations to 90% or more of the strength of the un- 
welded plate. The ductility in the weld and the 
transition zone, however, are not improved by post- 
heat treatment. 
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pplications of Welded Design for Cost 


eduction 


§ Application of some of the important principles of good welding design 
including a statement of advantages of welding, selection of material, 
production requirements, equipment, joint design, fixtures and costs 


by R. H. Bennewitz 


NYONE who has contact for only a short while with 
metal fabrication begins to develop a healthy re- 
spect for the job performed by the designer. Con- 
tinually, a designer is faced with the problem of 

creating a practical product—one that has sales appeal, 
one that will perform a satisfactory service, yet one that 
can be made to sell for a definite price and at a profit to 
the manufacturer. 

The designer’s job is a creative one—producing 
products where none before existed. But, like genius, 
any designer’s job is “not more than 1% inspiration and 
more than 99°% perspiration.” 

As the designer sits before a blank sheet of paper with 
a& vague mental image of the product required, he starts 
the process of selection of materials, processes and 
forms. Many designers have found their job simpli- 
fied, many employers have found their production in- 
creased and costs lowered by justifiable use of the weld- 
ing processes. Many more could! 

Most designers, as we know them today, have a 
difficult job. In attempting to arrive at a final design 
which will result in lowered costs and increased produc- 
tivity, the designer is under constant pressure. The 
production department is pushing for simplified dies, 
decreased tooling, and more efficient handling; the 
sales department wants better service, more sales ap- 
peal and lower cost. Yet, too often, no one is pushing 
the designer to employ welding to its best advantage in 
order to arrive at the same end point. 

The designer’s success and personal progress is de- 
pendent upon successfully meeting those twin require- 
ments, while not sacrificing service or sales appeal. 
Welding offers significant opportunities in this direc- 
tion, opportunities that warrant serious attention by the 
designer. 


R. H. Bennewitz is District Supervisor of Process Service, The Linde Air 
Products Co., Detroit, Mich 


Paper presented at the Thirty-first Annual Meeting, A.W.S., Chicago, Ill, 
week of Oct. 22, 1950. 
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Bennewitz- 


It is the purpose of this paper to demonstrate the 
application of some of the more important principles of 
good welding design. 


WELDING DESIGN? WHY? WHAT? WHERE? 
WHEN? 


The statement has been made that welding offers 
opportunities for increased production. Why? What 
are the advantages? Some of them are: 

1. Dies and forming operations can frequently be 
simplified. 

2. Machining operations can often be eliminated or 
simplified. 

3. Sales appeal of a product can frequently be im- 
proved. 

4. Casting operations can often be simplified by 
suitable combination of castings and welding. 

5. When material shortages are faced, welding fre- 
quently permits the salvage of what would otherwise be 
scrap material. 

6. A wider selection of materials is permitted. 
Joining of dissimilar metals often permits savings due to 
reduction of costly alloy requirements. 

These are advantages of almost any welding design. 
Good welding design magnifies each of these and adds 
others. 

What, when and where welding should be done is the 
substance of this paper. Obviously, before the de- 
signer can begin to specify welding processes or weld 
location, there has to be a general picture of the part to 
be fabricated and of the service conditions to be met. 


MATERIAL 


Now comes the major job—the selection of the ma- 
terial from among the myriad available, the selection 
of the fabricating processes from among the multitude 
of possibilities and then the detailed planning of the job 
for the production job. 

Service requirements most strongly influence the first 
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Material Gas Thermit 

Steel A F A D F 

Cast steel A F A E D 
Cast iron A F B E E 
Aluminum B D D E 
Magnesium B E E 
Copper D D F D 
Bronze Cc A Cc E 
Brass \ B 4 k 
Lead A : bE E E 
Stainless steel B A E A 
Nickel B ‘ A D A 


Table 1—Guide to Choice of Welding Process 


——————Welding process— 
Metallic arc Carbon arc Submergedarc Inert-gas arc Atomic hydrogen Resistance ” Brasing Induction 


F D F F F 

F E D A E 
F E E F E 
A B B B F 
A B dD E 
A i D A E 
B Dy D A E 
B kK D A E 
A E E E 
A A B Cc B 
A A A A A 


A, highly recommended ; 
lems; D, can be used, gene rally other processes are more suitable; 


choice of material. To meet the service, one, or one of 
several, will be preferred. 

Choice of welding process depends primarily upon 
the material to be joined. Sometimes a metal puts 
little limitation on welding process. At other times, 
the choice of metal may limit the selection to one or 
two welding processes. For instance, if the metal for 
service reasons is to be magnesium, two processes can be 
used for fusion welding—oxyacetylene welding or inert 
are welding, with the latter generally being preferred. 
Table 1 has been prepared to show the general relation- 
ship between certain metals and processes. 

As can be seen from the table, there are several prop- 
erties of a metal that influence the choice of welding 
process. Among these are (1) metal composition, (2) 
service requirements (such as strength and corrosion 
resistance), (3) metallurgical considerations (behavior 
of the metal and weld during welding and under service 
conditions), (4) metal thickness and form (complexity 
of weldment, and strength-weight ratio of the metal) 
and (5) postwelding requirements (cleaning, finishing, 
heat treatment). 


Metal Composition 


Let’s take a look first at the influence of metal com- 
position on choice of welding process. Figure 1 (before) 
‘shows an aircraft propeller hub. The job was to attach 
‘a collar to a shaft, and first plans called for copper fur- 
‘nace-brazing. The steel, however, was X-4130. Under 
ithe temperatures required for furnace-brazing, migra- 
ition of copper from the brazing alloy along the grain 
P yundaries caused cracking of the assembly. Because 
a sharp corner was required, fillet welding was out. 
Machining the sharp corner after welding would also 
remove the fillet weld. 

Redesign, as shown in Fig. 1 (after), made fusion 
welding possible, and a completely satisfactory solution. 
Although the cost of welding was somewhat higher 
than brazing, the cost of an unsuccessful operation is 
infinite. 


cx, _ Cost of Operation  $X 
Unit Cost = Output Soc 
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B, recommended with special operatin 


techniques; C, recommended, but some compositions present prob- 


, not recommended; F, excellent for specific applications. 


BEFOR AFTER 
§° —-» 
3/e" 


An example of how metal composition influences 
choice of welding process 


Fig. 1 


Original plans for attaching a collar to the shaft of an airplane pro- 
peller hub called for copper furnace-brazing . . . at a temperature 
where migration of copper from the brazing alloy along the grain 
boundaries would cause cracking of the wccerame Ay Redesign, as shown 
(after), made fusion welding possible 


In the example just cited copper brazing proved un- 
satisfactory for metallurgical reasons. There are many 
examples illustrating the reverse. Significant cost re- 
ductions have been accomplished many times by con- 
version to a brazed assembly. Sometimes furnace or 


induction heating is called for, although many times 
the air-acetylene or oxyacetylene flame proves to be 
the most practical heat source. 

Figure 2 


2 shows a motorcycle frame in which conver- 


Fig. 2. Conversion to brazing from welding this niotor- 
cycle frame resulted in “ss an 80% reduction in man- 
urs 
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sion to brazing from welding resulted in almost an 80% 
reduction in man-hours; 350 man-hours for 100 frames 
was reduced to 75 for 100 frames. As additional bene- 
fits, weight of the frame was halved, distortion from 
heating eliminated, with consequent elimination of 
straightening operations. 

These two examples demonstrate the facility of the 
welding processes for meeting variations in conditions. 
It was the composition of the metal, required by the 
service conditions, which created the problem in the 
propeller hub example. The solution demonstrates the 
“ase with which good welding design solves a problem 
of service requirements and metallurgical considera- 
tions. 


Service Requirements 


The welding process must meet the strength require- 
ments, either as-welded or after suitable post-treatment. 
One example in which welding stands alone in its 
capacity to meet service requirements is in the high- 
pressure, high-temperature steam plant. Here the 
question resolves itself into choice of metal, choice of 
welding procedure and procedure control. Welding has 
no competition from other joining methods. Needless 
to say, designers of such steam plants must be thor- 
oughly familiar with the welding process, procedures 
and equipment used. 

Still on the subject of strength requirements, Fig. 3 
shows welded stainless steel tubing that was strength- 
ened by changing the welding design. To produce tub- 
ing of increased strength and stiffness without increase 
in wall thickness, the weld was changed to a spiral (as 
shown) in place of a straight, longitudinal weld. As an 
added advantage, the same skelp width can be used for 
different diameters of tubing, thus simplifying supply, 
forming equipment and related mechanical operations. 

Welding of supercharger buckets to the hub illus- 
trates the use of welding to reduce production costs, in- 
crease production, and at the same time produce a 
better product. Formerly, buckets were manufactured 
by investment casting to the shape shown in Fig. 4. 
Not only did the buckets have to be made to a complex 


Fig. 3 This stainless steel tubing was strengthened by 
changing the welding design from a straight, longitudinal 
weld to a spiral weld 
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SUPERCHARGER BLADE 
FOR MECHANICAL JOINT 


Fig.4 Supercharger bucket, made by investment casting, 
required close machining 


design, but it also was necessary to machine to close 
tolerances the slots required to receive the bucket bases. 

Changeover to submerged-melt welding vastly sim- 
plified the machining job. Essentially flat-bottomed 
buckets, like those in Fig. 5, and also made by the in- 
vestment casting technique, were mounted against the 
periphery of the wheel and welded in place with the sub- 
merged melt process. (See Figs. 6 and 7.) In this ex- 
ample, only the method of fastening the buckets was 
changed. There was no change in design of the actual 
bucket, or of the supercharger. The significant factor 
was that with welding, a stronger simpler product was 
produced more economically and more quickly, but 
with the same over-all close tolerances. 

In some products, it is the corrosion resistance re- 
quirements which strongly influence the choice of 
metal and welding process. Stainless steel can be 
braze-welded, but for many applications it is not sound 
economics to pay for the special properties of stainless 
steel and then provide a joining which does not possess 
those properties. On the other hand, braze-welding 
frequently makes an ideal high-speed method for join- 


SUPERCHARGER BLADE 
FOR SUBMERGED- ARC WELDING 


Cit) 


Fig. 5 Changeover to a design for welding, simplified 
machining costs and increased production. Actual bucket 
and supercharger designs are the same 
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Fig.6 “*Merry-go-round”™ fixture where buckets were joined to the bucket wheel 

at ona welding. Fixtures have three stations: 

. one from each side of the bucket wheel, join the 
bucke 


by submer; 
and unloadi 


Twop 
3 


Fig. 7 A finished bucket wheel. It was produced more 
economically by welding to the same over-all close toler- 


ances 


‘ing plain carbon steels or cast iron, when strength is 
Fadequate and there are no conditions such as color 
match that preclude its use. 


fetallurgical Conditions 


Metallurgical considerations also can be met quite 
easily because of the adaptability of the welding proc- 
ess. An adjustment of welding procedure, change in 
filler metal or addition of a preweld or postweld treat- 
ment is usually all that is required. Sometimes the 
considerations are the alloy constituents of the base 
metal or filler metal; sometimes it is the difference 
between castings and rolled forms, or a combination of 
the two. In some cases, the desire is to weld dissimilar 
metals. All are easily handled. 

An excellent example of design for welding which 
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loading, welding 


made possible valuable savings of 
costly materials is illustrated by 
the hook and bar pickling assem- 
blies shown in Figs. 8 and 9. Five 
different alloys were used to get 
maximum strength and corrosion 
resistance at minimum cost. For 
the hook in Fig. 8, ‘“Hastelloy’* 
alloys B and C, and Type 347 stain- 
less steel were used. The various 
parts were assembled by inert- 
gas arc welding at a considerable 
saving in cost as compared to a 
casting of “Hastelloy” alloy B. 
The bar shown in Fig. 9 was fab- 
ricated from “Hastelloy” alloy B, 
S.A.E. 4340 anc S.A.E. 1035 steels 
with the relatively expensive “Has- 
telloy” alloy Brepresenting only 31% 
of the total weight and 35% of the total cost. Figure 10 
illustrates the end use of the hook and bar assemblies, 
which make up a wire pickling rack. For economy 
reasons, “Hastelloy” alloy B used to handle sub- 
surface corrosion and “Hastelloy” alloy C at and 
above the liquid surface to resist the severe corrosion 
experienced under oxidizing conditions. Stainless steel 
was used where contact only with fumes was encoun- 
tered. The S.A.E. 4340 and S.A.E. 1035 parts served 
structural purposes only since they were completely 
protected from corrosion by overlying ‘“Hastelloy’” 
alloy. 


Metal Thickness and Form 


Thickness or thinness of the metal used influences the 
choice of welding process at times. Most welding 
processes have a wide range of successful operation, yet 
for maximum production and economy, tack-hammers 
should be used to drive tacks and sledge-hammers for 
spikes. 

One of the classic examples of heavy welds occurs in 
the sternposts of ships. Here the obvious solution is 
thermit welding. At the other extreme, the only 
reasonable way to weld a sausage conveyor belt, which 
was to be made of stainless steel 0.015 in. thick, was 
with the inert gas process. Also, although it might be 
possible to do the job manually, the operation should 
have been and was mechanized. 

If the thickness of the metal for this sausage con- 
veyor application was increased to about 16 gage, the 
submerged-melt process would receive consideration as 
well. Probably the submerged-melt process could op- 
erate at somewhat higher speed, but now the question of 
weld finish would receive consideration. Which process 
would be likely to leave the greater amount of weld 
reinforcement and, hence, introduce the greater finishing 
cost? ° 


* Registered trademark of Union Carbide and Carbon Corp. 
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Fig. 8 By using three different alloys to make up this hook, a designer got the best possible combination of corrosion 


Fig. 9 The yoke bar and trunnion before assembly by 
we 


Fig.11 Two 11-in. welds are made by the inert arc process several processes. Where lap-joints can be tolerated, 
to join the upper-deck extension to the quarter-panel. resistance welding is preferred. Where laps are not 


Before redesign, this joint was made by spot welding and 
filling with solder, using a “‘joggle joint” 
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resistance, strength and low cost 


10 yr. is expected 


Postwelding Requirements 
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Fig. 10 The hook and bar assembly in use. 
of the first year’s experience, a service life of more than 


On the basis 


A clearer example of the importance of postweld 
treatment can be taken from the automotive industry. 
Welding sheet steel body and fender sections, from the 
standpoint of weld quality, could be performed by 


permitted, oxyacetylene welding could do the job. So 
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Fig. 12 Here is a close-up of one of the welds 


could metallic are. Inert gas-shielded are welding was 
selected, however, since it offered the best combination 
of speed, low cost, quality and minimized postweld 
cleaning and finishing. The latter item was extremely 
important. Typical applications are illustrated by 
Figs. 11 and 12. 


PRODUCTION REQUIREMENTS 


This item does not need mveh elaboration. For meet- 
g the requirements of high-speed production, welding 
@lready has an enviable record. Look at the job that 

sistance welding has done in automobile body and air- 
- construction, an area where resistance welding so 

r outstrips most of its competition that it is running 
ahead by itself. 

Production requirements are seldom an isolated con- 
gideration. The problem with any one operation is to 
Keep it in pace with others. Whereas the work of the 

signer may accomplish the result of high production, 

e driving force that produces results is usually aimed 
in another direction, that is, toward lowered cost, im- 
proved quality or ease of fabrication. 


AVAILABLE EQUIPMENT AND COST 


An accurate and economical choice of welding process 
cannot be made unless the designer knows what produc- 
tion equipment is available in the shop, whether it be 
the actual welding equipment or other processing ma- 
chinery required for joint preparation, stamping opera- 
tion, holding devices, handling equipment, etc. Here is 
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BEFORE 


LAP SKIP-WELD AROUND 
BARREL-SAME OPPOSITE END 


AFTER 


FINAL WELD 
MADE AFTER 


INSPECTION WELDED AS 


SUB-ASSEMBLY 


WELD MADE 

FROM INSIDE 

OF BARREL 

THROUGH THIS OPENING - 
SAME ON OPPOSITE END 


THREE WELOS MADE 


IN SUB- ASSEMBLY THREE WELOS MADE 


IN SUB-ASSEMBLY 


Fig. 13 This before-and-after sketch of a stainless steel 

beer barrel shows a simple design change which eliminated 

the necessity of purchasing several hundred thousand 

dollars worth of welding fixtures and auxiliary processing 
equipment 


an example that demonstrates the importance of study- 
ing equipment requirements: 

A manufacturer had made his material selection, 
completed his design and arrived at what seemed the 
best welding process for making a beer barrel. How- 
ever, it was found that the particular design employed 
would have necessitated the purchase of several hun- 
dred thousand dollars worth of welding fixtures and 
auxiliary processing equipment. Such a purchase was 
completely unreasonable for the manufacturer and he 
was about ready to give up on the job. 

The joint design and over-all design were restudied. 
It was found that only slight alterations in design made 
all the elaborate equipment unnecessary. This condi- 
tion is illustrated by Fig. 13. By enlarging the opening 
in the top of the barrel, it was possible to insert the 
welding equipment to make the welds from inside the 
barrel. While this slight change in design did not alter 
the type of welding, the jigs and fixtures were greatly 
simplified; use was made of existing forming equip- 
ment and dies which would otherwise have required re- 
placement. This inside welding provided several other 
advantages: 

1. A smoother weld resulted, thereby eliminating 
possible “pockets” that would permit bacteria growth. 


BEFORE 


EXTRUDED 
ALUMINUM TUBE 
“v" NOTCHES 
CUT BOTH SIDES, 
EACH END 


PART FORMED FROM 
ALUMINUM SHEET 


AFTER CLOSING “v's” 
ANO BENDING. FOUR 
WAND WELOS REQUIRED 
SIMULTANEOUS 
MECHANIZED WELDS 


Fig. 14 By redesigning aluminum chair legs, one manu- 

facturer not only reduced welding time and finishing costs 

but also realized savings in material cost by using sheet 
aluminum instead of an extruded tu 
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BEFORE AFTER. 


— 23° DIA. 


MECHANIZED BUTT WELD / 
SPEED APPROX. 30 |.P.M. 


CURVATURE ROLLED AFTER 
WELDING STRAIGHT CYLINDER, 


MECHANIZED EDGE WELD 
SPEED APPROX.~ 60 1.P.M. 


THIS CONTOUR ROLLED WHEN 
FORMING CYLINDER, REQUIRING 
HAND WELDING PERMITTING MECHANIZED WELDING 


Fig. 15 Although the redesign of this washing machine 

tub increased the length of the weld by 12%, production 

speed was increased 100% and costly fixtures were elimi- 
nated 


2. By extending the chime ring, a natural backing 
was provided for the inside weld. Furthermore, suffi- 
cient penetration was obtained to eliminate the need for 
a separate welding operation to join the chime ring to 
the outside of the barrel. 

3. All of the long welds could be completed and 
tested, any necessary repairs could be made through 
the 6-in. opening, before the barrel was sealed. 

4. Total amount of welding was decreased. 

5. Outward appearance of the barrel was consider- 
ably improved. 

Another factor to be reckoned with under the subject 
of available equipment is that of available floor space. 
When floor space is at a premium, the choice of welding 
process will be limited to processes where the necessary 
welding equipment, fixtures, etc., require little room. 
For example: a manufacturer, pressed for floor space, 
was faced with the problem of silver-brazing a small 


Fig. 16 An automobile fender welding fixture in position 
for welding the front section of the fender. 
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Here the same fixture is positioned to weld the top 
part of the fender 


item at a high production rate. The most logical selec- 
tion of method for joining the parts was furnace- 
brazing. 


automatic machine employing induction heating coils 


Because of space limitations, however, an 


was used to accomplish the required production. There 
was a lower output than could have been obtained with 
a furnace, but only one-fifth the space requirement 
kept this operation in step with others. 

When the sacrifice in production or cost becomes too 
great merely because space limitations eliminate the 
most desirable welding process, subcontracting or plant 
expansion may be in order. 


A simple fixture designed for making circular 
welds in furnace bodies 


Fig. 18 
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TWO GEAR SECTIONS FROM ONE OXY- ACETYLENE SHAPE-CUT 


C= CIRCUMFERENCE OF GEAR 
BUTT-WELD AFTER 


8+ DEPTH OF TOOTH + TWICE BENDING TO SHAPE 


RIM THICKNESS 
A= WIOTH OF GEAR FACE 


Fig. 19 Aunique cutting and welding application used to 
Se te gears for use on machinery where precision gears 
are not 


TYPE, LOCATION AND CONTOUR OF JOINT 


The type, location and contour of the joint have con- 
siderable bearing on both the welding method employed 
and the degree of difficulty required in executing the 
welding operation. One principle to remember is that 
such joints as edge welds and corner welds are generally 
the easiest to make, regardless of welding process. 
Furthermore, these joints are usually weldable at much 
higher speeds than any other type of joint. Figure 14 
shows how it was possible by a simple redesign not only 
to save welding time, improve appearance and reduce 
finishing, but also to bring about savings in material 
cost by using sheet aluminum instead of an extruded 
tube. 

The location of the joint in a weldment is vital, since 
it will affect joint fit-up, accessibility and welding speed. 
In the washing machine tub in Fig. 15, both joint design 
and joint location were changed. By this change, it was 
possible to increase speed, eliminate hand welding, as- 
sure good joint fit-up, and eliminate costly fixtures. 
Any one of these would have reduced costs. 

Location and contour of joint are hard to consider 


‘separately because when a certain contour is found un- 
itable for the welding process under consideration, a 
ben joint location must be considered. Very often, a 
hange of weld location will increase the length of weld, 
but more often than not, there will be compensations. 


Fig. 20 Component the redesigned stainless steel 
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Fig. 21 Girth seam welds are made from the inside of the 
barrel 


For example, although the redesigned washing machine 
tub in Fig. 15 increased the length of the weld by 12%, 
the speed was increased 100°% and, in addition, there 
were the other advantages gained by relocation. 

Some welding processes, such as submerged-melt 
welding, require that welds generally be made in a flat 
position, and if this process is to be used, joint location 
must be considered with that factor in mind. The 
difference in speed between vertical-up and vertical- 
down welding will affect location and contour of joint 
with certain processes. 

Weld contour can materially influence welding speed. 
One principle to keep in mind is to use radii whenever 
possible so as to simplify the use of mechanized welding. 
While it is possible to mechanize welds on compound 
contours, the cost is often prohibitive. Where it is 
necessary to weld on compound contours, the operation 


Fig. 22 Here is the way the completed barrel looks 
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Table 2—Basic Considerations in Fixture Design for Welding 


- — Fixture requirements *————__—— 
Protective 
Accurate shielding Heavy 
joint Backing Hold-down Hold-downt Water of moving Posi- construc- 
is Welding process fit-up Backing material Hold-downt material pressure cooling parts ‘‘Spotting-in’’ tioning tion 
Gas Cc EG B F L B Cc Cc 
Thermit K K K D D D D D A A 
} Metallic are Cc Cc E B F L D B D Cc D 
a Carbon are B Cc GE B E L D Cc D Cc D 
Submerged arc A kK FH K E K Cc A K A A 
J 
Inert-gas arc A Kk EF kK H K D D K B A 
I J 
; Atomic hydrogen A K KF K E K A Cc K B A 
1 J 
4 Resistance B Kk E J A K K A D K Cc D 
Brazing 4 D K EF K D Cc D Cc D 
G 
Induction B Kk EJ A kK K A D Kk Cc D 


A, imperative; B, very beneficial; C, helpful but not essential; D, not required; E, copper; F, steel; G, carbon; H, welding com- 
position; I, gas (hydrogen, argon or helium); J, R.W.M.A.—Class III alloy; K, special requirements for specific applications; L, suf- 
ficient to resist abnormal! distortion. 

* When designing fixtures, consideration should also be given to accessibility, simplicity, mechanization and flexibility. 

+ Note such characteristics of the material as hot shortness in designing hold-down fixtures. 

¢ Requirements vary widely, some sheet steel applications require 500 |b. per lineal inch. 


(a) (b) (e) 


} 
{ 
i 


(d) (e) 
Fig. 23 An effective method of fabricating gear blanks 
(e) Both web and rim are cut from plate. Here the rim is bent around the web, and tack welded in position. (b) A dike is built around a veed- 


out opening and the weld made by the submerged melt process. (c) Weld is built up across the rim. (d) The fused flux is removed with pliers. 
(e) Completed puddle weld. (f) A gouging nozzle removes excess metal. Note that in this picture an axle hub blank is tack welded in place 
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can often be speeded up and simplified by employing 
positioning fixtures such as illustrated in Figs. 16 and 
17. Here an automobile fender is welded in two steps, 
each in a comfortable position for the operator. 


FIXTURE REQUIREMENTS 


After giving careful consideration to all of the factors 
involved in selecting the most suitable welding process, 
joint design, joint location, etc., all can be lost if the 
welding fixtures are inadequate or poorly designed. 
Therefore, if the designer has no background of experi- 
ence to draw on regarding specific fixture requirements 
for a given welding process, he will need to seek advice. 
The manufacturers of the welding equipment can gen- 
erally provide valuable guidance. 

Table 2, while it does not provide details, will be help- 
ful in directing attention to basic fundamentals which 
are vital in the design of welding fixtures for various 
processes. Although the basic fundamentals of fixture 
design are most important, we must not lose sight of the 
fact that such matters as flow of materials, operation 
sequence, accessibility, operator comfort, etc., also in- 
fluence welding time and cost. An example of a well- 
designed fixture incorporating most considerations is 
illustrated in Fig. 18. Although the fixture is simple in 
design, it provides easy loading and unloading, accurate 
positioning, rigid clamping, and true turning, while two 
submerged-melt welds are made simultaneously at each 
end of large furnace bodies. 


WELDING COSTS 


One of the primary purposes for employing welding 
is to make possible cost reduction in the fabrication of a 
product. As previously pointed out, other advantages 
can also be gained in arriving at this end which make for 
a more salable, high-quality product. Occasions will 
arise, however, where other factors such as appearance, 
' strength, choice of materials, etc., are more predomi- 
nantly important than welding cost. If such is the case, 
the choice of welding process will be clear-cut. 

When all of the important considerations have been 
; weighed and a choice of welding process made, the 
+ welding costs can be calculated. Despite the fact that 
‘the cost of welding has been a consideration throughout 
‘the process of elimination, a final and accurate cost 
analysis cannot be made until each individual factor 
has been given its proper emphasis. It is then desirable 
to take a “second look.” It may be found that certain 
processing procedures can be altered so that a cheaper 
welding method can be employed, existing equipment 
used or so that the lengths of welds can be shortened— 
any or all of these resulting in lower welding costs. 

All the examples discussed thus far have illustrated 
certain specific points, but all had one thing in common. 
The applications resulted in cost reduction. Here are 
some additional examples of welded design for cost. re- 
duction. Figure 19 illustrates a unique cutting and 


welding application which was used to fabricate gears 
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for use on machinery where precision gears are not re- 
quired, such as farm machinery, concrete mixers, etc. 
Note that a single cut produces two gear sections with no 
scrap loss except that in the cutting kerf. The cut sec- 
tions are then formed into a circle and butt welded to- 
gether, the only finishing operations required being in 
the welded area. 

The stainless steel beer barrel referred to previously 
deserves further attention and Fig. 20 illustrates the 
various component parts of this completely welded bar- 
rel. Note that all but one of the welding operations are 


Wig. 24 After a hub is tack welded in place; (a) 


rim is submerged melt welded to the web on 

both sides. (b) Here is how it looks now. (c) Then 

the hub is welded to the web. Here is an assortment 

of semicomplete blanks. (d) A finished gear before as- 

sembly in a crane. The gear teeth are precision- 
machined 
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in oxy-natural gas burner welds parts of a televi- 


Fig. 25 
sion tube. Parts are rotated in a lathe as heat is applied 


mechanized. Figure 21 shows the fixture employed to 
make the girth seam welds from the inside of the barrel. 
These welds were perfectly smooth, eliminating the 
danger of pockets for bacteria growth. An additional 
reason for the inside welding is an inherent part of the 
design. One welding operation was eliminated since the 
inside weld penetrates the chime and holds it securely. 
The completed barrel is illustrated in Fig. 22. 

An effective method of fabricating big gear blanks by 
means of submerged melt welding provides an interest- 
ing study of fabricated design vs. castings. In the pic- 
ture series, shown in Fig. 23 the web is a circle cut from 
5/s-in. plate; the rim a strip of 3-in. wide 1-in. plate. 
The rim is bent to the O.D. of the web and tack welded 
in place. 

Before welding, it is necessary to build a dike around 
The dike, a metal box, is sup- 
The carriage is moved 


the veed-out opening. 
ported by permanent magnets. 
back and forth across the rim as the weld builds up. 
Current is 650 amp., a. c., and it takes about 1'/2 min. 
to make the weld. 

Excess metal is removed with a gouging torch. A 
section of round is cut for the hub and welded manually 
to the web. Then the rim is submerged-melt welded to 


Fig. 26 Here is a completed television tube and the burn- 
ers used to make the welds 


the web on both sides at a speed of 15 in. per minute, 
Fig. 24. 

After welding, the gear blank is annealed at 1350° F. 
to relieve stresses. Finally, the teeth are cut. About 
25 different sizes of gear blanks are made by this 
method. The one shown in the pictures is 25 in. in 
diameter by 3 in. wide. 

As a final thought—when considering the application 
of welding do not overlook applications involving ma- 
terials other than metals such as plastics and glass, 
which have been successfully welded. Such items as 
television tubes, though they are costly, can be blown 
by hand, but this would be too expensive. Machine 
blowing would be economical, but it is impossible to use 
that method, Figure 25 illustrates how an oxy-natural 
gas burner is used to weld the ‘‘neck” to the “funnel” of 
The parts are rotated in a lathe as 
The pressed “face” of the tele- 


a television tube. 
the heat is applied. 
vision tube is similarly welded to the “funnel” with a 
larger burner. Figure 26 shows a completed television 
tube and the burners employed in making the two 
welds. 

There are hundreds of examples of good welding de- 
sign available. In writing this paper, the greatest diffi- 
culty has been selection. It is hoped that a seed has 
been planted which will result in the steady growth of 
good design for welding. 


States and Canada. 


WELDING HANDBOOK NOW AVAILABLE 


The Third Edition of the Welding Handbook available for sale. 
pages. Extensively illustrated and indexed. Price per copy $12.00 in the United 
Special discount to members. 


American Welding Society 
33 West 39th Street 
New York 18, N. Y. 


$13.00 elsewhere. 


Contains 1650 
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How to Cut Steel 


by H. J. Diehl 


XYACETYLENE cutting is much faster than any 

other method of severing metal. From cutting up 

scrap metal to simply removing a rivet head, there 

are many cutting jobs you can do with the cutting 
attachment for your standard welding blowpipe or a 
cutting blowpipe. 

First a small area is preheated with an oxyacetylene 
flame until it turns bright red and just starts to melt. 
Then a jet of oxygen is directed against the preheated 
area, and a narrow slit or kerf is quickly burned through 
the steel. 


H. J. Diehl, The Linde Air Products Co., a division of Union Carbide and 
Carbon Corp., Minneapolis, Minn. 
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Oxygen is what does the cutting. It makes a liquid 
iron oxide as it joins with the hot steel. This flows out 
or is blown away, exposing more metal to the oxygen 
jet. By moving the blowpipe, you can guide the oxy- 
gen jet to cut straight, curved or irregular lines. 

The nozzles for cutting have one center hole sur- 
rounded by four smaller holes. The four outside holes 
provide the small oxyacetylene flames to preheat the 
metal to start cutting and to keep the cut going after it 
has started. The jet of oxygen, regulated by the cut- 
ting-oxygen lever, comes from the center hole. 

The following pictures show how to do regular steel- 
plate cutting. 
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Fig. | Pick out the correct size nozzle for the plate thick- 
ness and insert it in the cutting attachment or cutting blow- 
pipe. Then light the cutting attachment and set t 


Fig.2 Hold the nozzle so the cutting oxygen hole is over the 
edge 
pre- 
heating flames at neutral 


the plate at the line of cut. heep the ends of the 
ue core of the preheat flame about '/\,in. away from 
the metal 


ig. 3 The preheat flames will heat both the top and the Fig. 4 Then tilt the nozzle so the flame points toward the 

side edge. heep the nozzle straight up and down over the edge of the plate. At the same time slowly open the cutting 

plate until a spot under the preheating flame starts to melt oxygen valve by pressing down on the lever. It is important 
to press down slowly 
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Fig. 5 


sparks. Slowly straighten the nozzle again and press the 


is soon as cutting starts there will be a stream of  Fig.6 When the cut has gone all the way through the plate, 
tilt the nozzle forward a little bit in the direction of cutting. 


cutting lever all the way down. Again, it is important to This makes it easier to keep the cut going smoothly through 


press down slow?y and smoothly 


Fig.7 When youdo cutting, move the work toa place where 


you cannot start a fire. 


the metal 


guards to keep sparks away from flammable material start the cut as you did at the edge of the plate 


Fig.8 If you move the blowpipe too fast, the cutting will 
If you cannot move the work, use stop. If this happens, release the cutting oxygen lever and 
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Fig. 2 How to make a split lap joint to avoid overhead welding in position 


Making Lead Pipe Joints 


by L. S. Bowser 


ELDED lead piping systems are made by follow- 
ing the same general layout methods used for pip- 
ing systems of welded steel. You can buy lead 
pipe fittings in a variety of sizes and weights. 
Special fittings can be made by cutting sheet to size, 
shaping (“‘bossing”’ or ‘“‘dressing’’) it on wood or metal 
forms and then welding the longitudinal seams. 
These instructions show you how to make several 
common joints in lead pipe. With a little practice 
these joints will be fairly easy to make. One of the 
most important instructions is to clean the joint and 
welding rod thoroughly just before you begin welding. 
For instructions on how to weld lead see the February 
issue of Toe WELDING JouRNAL. 
To prepare for butt welding lead pipe you can use 
special designs or follow the same joint design you use 
for steel pipe. Bevel the edges and line up the pipe in 
angle or channel iron. Then make several tack welds 


L. S. Bowser, The Linde Air Products Co., a division of Union Carbide and 
Carbon Corp. Boston, Mass; 
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Fig. 1 How to make a flanged joint 


around the joint. When they cool, begin welding the 
beveled edges of both pipes. The photographs on this 
page show how to make other common joints in lead 
pipe. 


FLANGED JOINT 


Make flanges from lead sheet to slip over the outside 
of the pipe. Bevel the inside of the ring. Slip the 
ring over the pipe, then weld. (See Fig. 1.) 


Fig. 3 How to make a cup joint in lead piping systems 
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SPLIT LAP JOINT 


To avoid overhead welding in position, use joint de- 
sign shown in Fig. 2 at the left. Cut the edges at an 
angle, then flare the tee-slot at the female end. (Cen- 
ter)—Fit the pipe together as in the center picture, bend 
out the edges and start to weld at the bottom on the 
inside. Continue up the sides as shown. When you 
finish welding the bottom of the joint, bend the flaps 
back into their original position. Then weld the flaps 
of the joint from the outside as in the right-hand pic- 
ture. 


CUP JOINT 


Bevel the male end and flare out the female end, Fig. 
3, left. Make the overlap at least three times the thick- 
ness of the pipe wall. Play the flame well down into the 
flaring and melt both walls around the joint. After 
you weld completely around the joint, wire-brush the 
weld (center picture). Then fill the joint with rod 
to the end of the flaring. The picture at the right of 
Fig. 3 shows how joints should look. Pipe on left was 
cut after the first weld was made. The pipe on the 
right was cut after joint was filled with rod. 


Launching 


NEW and unique type of launching was recently 
witnessed on the end-launching ways of U.S. Steel’s 
Consolidated Western Steel Corporation at Orange, 
Tex., where destroyers, destroyer escorts and 
LCI’s were built during World War II. The first 
fabricated steel section of a new vehicular tunnel being 
built for the Texas Highway Department left the ways 
and slid into the water preparatory to its trip to the 
Houston Ship Channel. Here it will form part of the 


new highway system linking Baytown with LaPorte, 
Tex. 

The tunnel, when completed, will form a concrete- 
lined tube about 2550 ft. long. 
cylindrical sections of half-inch steel plate about 35 ft. 
Six of the sections are 300 ft. long and 


It will consist of nine 


in diameter. 


Fig. 1 


Steel Corp. This section will be 301 ft. long. 


when this picture was taken 
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A gigantic cylinder of steel 35 ft. in diameter, one of the nine sections 
for the Baytown-La Porte highway tunnel liner, begins to take shape on the 
building way at the Orange, Tex., plant of U. S. Steel’s Consolidated Western 
It was about one-third completed 


d Tunnel 


three are 250 ft. long. Each section is stiffened with 
annular T-sections. 

To make each section seaworthy for towing to the 
tunnel site and permit its being sunk in place, a water- 
tight bulkhead of 7/,.-in. plate, reinforced with 18- and 
24-in. WF stiffeners is welded to each end. The sec- 
tions are assembled on the ways on cribbing 6 ft. high 
located under the longitudinal center line of the tube 
and arranged to give support under each annular stif- 
fener ring. To prevent deformation from transverse 
stresses, tension spiders are installed at each stiffener 
ring. These spiders are not removed until after the 
tube is afloat. 

Because of the arrangement and condition of Con- 
solidated Western’s year facilities, the tube sections are 
end launched. This 
critical longitudinal 
stresses in the upper shell. So, 
to prevent buckling, two I-beam 
stiffeners are tacked along the top 
outer surface, crossing the point of 
maximum bending moment. 

In preparing for launching, the 
weight of the tube is transferred to 
timber cradles set on continuous 
sliding ways. Standard “wedging 
up” procedure of typical ship 
launchings is employed. The tube 
section is burning 
through sole plates on each sliding 
way. 

About 75 tons of reinforcing steel 
are placed in the bottom of each 
tube before launching to serve as 
ballast. The tube, when afloat, draws 
between 4 and 4'/; ft. of water. 

Because of the large square dam 
plates at both ends and saddles and 
other projections on the bottom of the 


imposes 
compressive 


released by 
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Fig.2 Finished on the shipway, one of the steel sections which will form a steel tube over half a mile long for the Baytown- 


La Porte vehicular tunnel under the Houston, Tex., Ship Channel slips smoothly into the Sabine River. 


The sections are 


35 ft. in diameter and range from approximately 255 to 301 ft. inlength. Sections were sealed water-tight launched into the 
river, and towed individually down the Gulf Coast to the tunnel site 125 miles away 


tube, the cradles and sliding ways cannot be withdrawn 
as a complete unit after launching. It was necessary 
to devise a method to pull out the cradles and sliding 
way from each side of the tube. To eliminate the use 
of divers, crossed wire cables were used to tie the star- 
board sliding way to the port side of the tube above 
water and vice versa. Loose timber spreaders were 
used to separate the sliding ways. This arrangement 
permitted side removal of port and starboard cradles 
and sliding ways as two separate units. 

The dam plates and underwater saddles also offer 
tremendous resistance to movement of the tube through 
the water during launching. This posed a critical 
problem in launching velocity which was complicated 
by the ungreased condition of the underwater ground 
ways. The coating of grease applied when the ways 
were built in 1941 had long since been worn off during 
the wartime shipbuilding program. There are no ap- 
preciable tides on the Gulf coast to expose the ways for 
regreasing and raising them for this purpose was too 
costly a project. 

With no information available as to the possible fric- 
tion to be encountered on the ungreased portion of the 
ways, assumed values had to be taken to calculate the 


With all factors considered, the margin of safety against 

the tube’s stopping before being completely afloat was 

ample. The first tube attained an actual velocity only 
' slightly less than the calculated velocity, but sufficient 
_ to eliminate all concern on this score. 


' probable maximum velocity of the tube in launching. 
i 


tie rods were removed and the tube was checked for 


When afloat in the quiet waters of the Sabine River, 


Fig. 3 Looking from the air as the great steel hull leaves 

the shipway and becomes waterborne 
site was accomplished by the use of two tugs, one tow- 
ing the big tube and another keeping it on course by 
means of draglines. It sailed down the Sabine, along 
the Intracoastal Canal, through Galveston Bay and to 
the job site in the Houston Ship Channel. The trip 
took two days. 

A deep ditch is being cut across the floor of the chan- 
nel to receive the tunnel sections. When all of the nine 
sections are delivered, they will be lined with rein- 
forcing concrete and the roadway will be laid before 
they are sunk 50 ft. into the channel bed. Here the 
joints will be sealed by steel bands and concrete, after 
which the bulkheads will be removed. 

The tunnel roadway will be 22 ft. wide. A railed- 
off walk will be provided for pedestrians. Safety 
factors in the new tunnel will include pumps, fire ex- 
tinguishers and fire alarm boxes. The 2.19 miles of 
tunnel and approaches will be ready for traffic in the 
summer of 1952. 


t., N. Y. C., at cost. 
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It signifies that you contribute to the advancement and perfection of welding through active 
cipation in the American Welding Society. Emblems available through AWS, 33 W. 39th 
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Flash Welding Titanium 


INGS have been successfully flash-butt welded 
from titanium bar stock with a cross-section area 
of 2 sq. in. for aircraft jet engine components at 
The American Welding and Mfg. Co., Warren, 

Ohio. All of the required operations in the fabricating 
procedure have been accomplished on standard produc- 
tion equipment. 


Welded titanium bar 
Soundness of the flash butt welds obtained in commercially pure 
titanium at American Welding is shown by this close up of a welded 
titanium bar which measured I'/, x 1'/; im. After welding, the bar 
was given a 180° bend turn through the weld joint. Titanium rings 
have been fapricated on a production basis at American Welding as 
aircraft jet engine components 


The bars of titanium are first heated to 1600° F. before 
forming. The formed bars are then flash-butt welded 
on a 750 kva. welding machine. Bursts of intense 
bluish-white sparks similar to those formed when 
magnesium is welded accompany the welding operation. 

Following welding, the flash is removed and the 
rings are reheated to 1600° F. before they are sized on 
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expanders. Since titanium readily absorbs oxygen at 


temperatures above 1000° F., American Welding found 
that the heating operations must be performed as 
rapidly as possible. The flash-butt welded titanium 
rings are then machined at surface speeds and feeds 
which are greatly in excess of those recommended in 
current published data. With the use of carbide tools, 
speeds in excess of 300 ft. per minute and a feed of 
0.012 in. per revolution resulted in an excellent surface 
finish. 


For the Fireplace 
by R. J. Bogie 


NDIRONS, firewood carrier, poker and shovel can 
all be made from scrap metal plus your skill with 
the welding and cutting blowpipes. 

Cut the andirons from scrap plate about °/s in. 
thick. Then fusion weld the legs to the bars as shown 


in the cross-section views. Use sheet steel or heavy 
gage copper for the wood carrier. After you form it 
to shape, braze-weld a strap and legs to the carrier as 
shown. 

Make the accessories shown from small diameter pipe 
or rod. In addition to these, you might want to make a 
fire screen to protect the floor from sparks. 


R. J. Bogie, The Linde Air Products Co., a division of Union Carbide and 
Carbon Corp., Milwaukee, Wis 
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Telescoping Hatch Covers 


ELESCOPING steel hatch covers that expose 
50% of the hold in any location for easier loading 
and unloading are a feature of 20 new barges built 
for Union Barge Line Corp. by Dravo Corp., 
Pittsburgh. Four pairs of the strongly reinforced 
covers are fitted on each of the 175-ft. barges which are 
utilized for transportation of steel products and other 
dry cargo. With the cover arrangement, as shown in 
these photos, large size hold openings can be provided 
at any desired location for loading and unloading. 


Cargo also is protected from the weather as the covers 
lap over the coaming. This fleet of 20 new barges is 
designed for semi-integrated towing, each barge having 
one square end and one rake end. In fleeting the 
vessels, two square ends are butted together to form 
an unbroken hull line 350 ft. long. This lowers towing 
resistance, improves operating economy. 
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Problem of Pipe Protection 


ELIARC spot welding solved the problem of how 
to tack caps on the ends of pipe to protect those 
ends during shipment. An order for 10,000 tons 
of 12*/,-in. diameter pipe was received by Kaiser 

Steel Corp., Fontana, Calif. The company for whom 
the pipe was fabricated furnished a cap with a 1-‘a. 
lip to be put on each end of the pipe at the mill sor 
protection in handling and shipping. Although original 
specifications called for a tack weld, this proved to be 
impractical, as good tack welds could not be made con- 
sistently between a 0.040-in. cap and a 0.250-in. wall 
pipe. 

The Heliare spot-welding torch was recommended 
for this job. A special clamping device was designed 
to press the cap tight to the pipe where the three spot 
welds were made so as to eliminate any difficulties due 
to caps not fitting the pipe closely enough for a metal- 
to-metal contact. 


Photo and data courtesy Linde Air Products Co. 


A special cap for protection in shipment is being spot 

welded to this length of 12'/,-in. diameter pipe at Kaiser 

Steel Corp., Fontana, Calif. The Heliarc spot-welding 
torch is being used 


Use of a single spot-welding-torch not only kept up 
with an 8-hr.-a-day mill production, but also caught 
up with a backlog of 2000 lengths of pipe in stock at. 
the time the Heliare torch was introduced. Rejects 
due to bad spot welds were kept to a minimum. Spot 
welding of the protector caps was considered to have 
been an excellent application based on the speed, weld 
quality and low cost. 
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Figure 1 Figure 2 


Data & Photos Courtesy Linde Air Products Co. 


Figure 3 Figure 4 


Repairing Hospital Equipment by Welding 


There are dozens of jobs daily in and about the 
hospital plant that make oxyacetylene welding and 
cutting an invaluable tool. In addition to upkeep and 
maintenance work, the welding and cutting processes 
are particularly useful for the construction of new equip- 
ment. 

Here are a few jobs that will give you an idea of 
the type of work some hospital maintenance crews 
are called upon to do. All of the jobs shown here 
were done in addition to routine maintenance work. 

Figure 1 shows an operator making a portable stand 
for an electric grinder. The stand is made from 1-in. 
steel pipe. Holes are drilled through top support bars 
and the grinder is bolted to these bars, Fig. 2. Rubber- 
tired caster wheels are mounted on the legs to make the 
outfit portable. 

Frequently, emergency fracture cases require trac- 
tion splints of a special size and shape that must be 
tailor-made. Figure 3 shows two splints made from 
3/,-in. brass rod with all joints welded. The splint on 
the left is a leg stretcher splint; the one on the right-an 
abdominal support. 


Figure 6 


Figure 4 illustrates a benzoin inhaler made from a 5 
gal. vegetable oil can, a tin pie plate and part of an 
old copper float from a water storage tank. These 
parts were joined by soldering. The framework was 
made from '/-in. tubing with small iron strips used as 
braces, 

The simple 3-wheel truck shown in Fig. 5 was made 
from */,-in. pipe and is handy in the kitchen for han- 
dling large containers, kettles and tureens. Bronze 
welding rod was used for all welds. 

The frame for the sunroom chair shown in Fig. 6 
was made from l1-in. tubing. Thin metal straps are 
braze welded across the back to support a cushion. 

A deep therapy litter was made from tubular steel 
members joined by steel welding as is shown in Fig. 7. 
The legs are 1'/, in. in diameter and the cross braces 
3/, in. 

Figures 8-10 illustrate a portable oxygen cylinder 
truck made for use in hospital wards. The frame is 
made from 1'/in. angle iron. Titled back it is 
easy to move, Fig. 8. In the forward position it is 


Figure 7 
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Figure 8 Figure 9 Figure 10 Figure Il 


ready for use, Fig. 10. A rear caster wheel makes the The 12-ft. ladder shown in Fig. 11 should last for- 
truck noiseless and easy to move. A cylinder retaining ever. Sides are 2- by 2-in. angle iron. Rungs are 
ring made from */s-in. rod covered with rubber hose 2-ft. lengths of 1'/:-in. angle iron. The railing is 
fits into “pockets” on the side frames, Fig. 9. formed by heating and bending 1-in. pipe. 


Garden Cultivator 


by J. M. McDonald 


Y% in. tron pipe 
/ 


STEEL wheel or pulley, old pipe and pieces of Braze-we/d 

strap iron are all you need to make this cultivator. . 

It will help you work up a garden quickly and a 5 : 

easily. Make the frame first. Braze weld two /1n. tran pipe , Ye in. nut 

| lengths of */,-in. pipe to one end of a 1-in. pipe as shown of 

in the sketch. Then braze weld a U-shaped piece of Yin. cap screw 
strap iron to the other end. Pierce holes in the strap Braze-weld “1 in. long. Braze- 

: iron for the axle of the wheel you use. me a 

For a digger, you can get a weeder at the hardware 2/7 x W6 jn ¥ in. diam 

| store which you can fasten to the frame. Or, you can ¢o/d-rolled stee/ /m.iron pipe none 

_ make your own as shown in the sketch. First weld a /f2 in. x Va in ro in. bee 

’ short piece of 1-in. pipe to the frame, then braze weld a stee/, Bend Can attach 

; a formed piece of strap iron to one end. Drill holes ‘ pt oré 

in the strap iron for the tines. Make the tines from 

cold-rolled steel rod about 12 in. long. After you forge 

them to shape, braze weld a capscrew to one end as spaced about 

shown in the sketch. apart 
Use the cultivator with two or four or six tines, de- Sh Y (3 on each side) 

pending on the job you want to do. And be sure to 

give the cultivator a coat of enamel to keep it from rust- 


Forged 7o 
Drill equally this shape 


/in.x Ve in. 
Cap screw 
/4 in.-16 in. whee/ 


Detail of tine 


J. M. McDonald, Linde Air Products Co., Division of Union Carbide and attaching method Braze-weld 
Carbon Corp., Chicago, II. 
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aetivities 


related events 


Meeting of Executive 
Committee, 
American Welding Society 


The Executive Committee held a meet- 
ing at the A.W.S. Headquarters, Engineer- 
ing Society Bldg., New York City, N. Y 
on Jan. 26, 1951, with the following in at- 
tendance: 

Members: H. W Pierce, Chairman, 
F. L. Plummer, R. 8. Donald, T. B. Jef- 
ferson, and H. E. Rockefeller 

Staff: J. G. Magrath, Secretary, and F. 
J. Mooney, Assistant Secretary. 

By Invitation: L. C. Bibber, Member of 
Board, and W. Spraragen (in part). 

Absentee Member was C. H. Jennings. 


Review of Membership Classifications 


There have been proposed to our Soct- 
ETY several new membership classifications 
in the following order: (a) Professional 
Membership, (6) Corporation Member- 
ship, (c) Dealer Membership and (d) 
Learner Membership. The proposals for 
Professional Membership and some form 
of Corporation Membership were generally 
approved by this Committee and the pro- 
posals for Dealer and Learner Member- 
ships were rejected. The opinion was ex- 
pressed that by making it more difficult to 
become a member of A.W.S., we would 
raise our own value in the eyes of appli- 
cants and not only create a greater desire 
for admission, but secure a more stable 
membership. After lengthy discussion, 
Mr. Spraragen contributing his recom- 
mendations in connection with Professional 
Membership and L. C. Bibber his recom- 
mendations in connection with Corpora- 
tion Membership, it was agreed that it was 
advisable that a special committee be ap- 
pointed at once for the purpose of giving 
broad consideration to our present mem- 
bership classifications, consideration of this 
committee’s recommendations in regard to 
Professional and Corporation Member- 
ships and the rendition of a report thereon 
to the Board of Directors not later than 
July 1, 1951. 

It was unanimously voted to recom- 
mend to the Board the institution of two 
new classifications of membership: (a) 
Professional Membership and (b) Corpo- 
ration Membership in place of the present 
Sustaining Member classification. 

In order to provide for these recom- 
mendations Chairman Pierce 
mended the institution of a special com- 
mittee on membership classification, such 
committee to consist of J. B. Tinnon, 
Chairman, O. B. J. Fraser, H. O. Hill, H.C. 
Boardman and A. G. Oehler. The recom- 
mended scope for this committee is the 


recom- 


1951 


study of membership classifications and the 
institution of Professional and Corpora- 
tion Memberships. The committee is to 
be requested to render its report to the 
Board of Directors by July 1, 1951, at the 
latest. 


Fund-Raising Committee 


This Committee met on Jan. 5, 1951, 
and has submitted recommendations to 
the Board of Directors for their plan to 
secure additional funds for extension of 
technical committee activities. Discus- 
sion by the Executive Committee ensued 
and it was the consensus that the matter of 
the program for fund-raising for technical 
activities (a) should be identified directly 
with technical activities’ fund require- 
ments, (b) should not be identified with 
Sustaining Membership sales and (c) 
should be similar to the plan successfully 
conducted by S.A.E. This thinking was 
caused by the urgency of securing funds as 
quickly as possible within the balance of 
the fiscal vear, for the purpose of replenish- 
ment of the Socrery’s reserve funds from 
which withdrawal of funds for the activity 
was approved by the Board of Directors 
at its meeting in Chicago on Oct. 26, 1950. 


National Nominating Committee 


Chairman Pierce recommended the ap- 
pointment of J. J. Crowe, Past-President 
(1935-36) of our Socrery, for Chairman- 
ship of the 1950-51 National Nominating 
Committee. It was pointed out that the 
approval of the Executive Committee, act- 
ing for the Board of Directors, was neces- 
sary so that in the order of our By-Laws 
the National Nominating Committee 
could commence its canvassing activity. 

The appointment of J. J. Crowe, as 
Chairman of the 1950-51 National Nomi- 
nating Committee, was unanimously ap- 
proved. 


A.W.S.-L.1.W. Committee 


The A.W.S. Committee on the Interna- 
tional Institute of Welding, due to the ex- 
piration of Dr. A. B. Kinzel’s term as 
American Vice-President of the I.1.W., 
recommended the nomination of Howard 
Biers, A.W.S. Member-at-Large on the 
A.W.S.-LIL.W. Committee, for the office 
of American Vice-President for a three- 
year term 

It was unanimously approved to recom- 
mend the nomination of Howard Biers as 
American Vice-President of I.1.W. for a 
three-year term. 


A.W.S.-1.1.W. Committee Name Change 


In view of the changing character of the 
activity of this Committee and the neces- 
sity for its acting in an advisory capacity 


Society Activities and Related Events 


to the I.I.W., the A.W.S. Committee on 
L.1.W. recommended the changing of its 
name to “A.W.S. Advisory Committee to 


The change of name from “A.W.S. 
Committee on I.1.W.” to “A.W.S. Advis- 
ory Committee te I.1.W.” was unani- 
mously approved. 


Employees Pension Plan 


The Finance Committee’s recommenda- 
tion, that the tenure of a new A.W.S. em- 
ployee’s service prior to eligibility for par- 
ticipation in the Socrery’s pension plan, be 
extended from one year to three years come 
October Ist, was unanimously approved. 


12th Annual Welding 
Symposium in Cleveland, 
May 11, 1951 


U. S. Senator Karl Mundt, Principal 
Speaker 


According to Jack Jarms, Chairman, the 
12th Annual Welding Conference, spon- 
sored by Cleveland Section, AMERICAN 
WELDING Sociery, promises to be “big- 
ger, better and more important than ever 
before.’ 


Outstanding Technical Speakers 


Starting at noon on Friday, May 11th, a 
series of technical sessions will be con- 
ducted by outstanding authorities in their 
respective welding fields. The main ball- 
room of Hotel Allerton, in which all ses- 
sions are to be held, will contain interest- 
ing educational exhibits 
sive Buyer’s Guide and Directory, a new 


A comprehen- 
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feature, will be distributed to all who at- 
tend. 

Technical speakers include James Hy- 
slop, President, Hanna Coal Co., Ross 
Yarrow, Republic Structural Iron Wks., 
and Sherman Heald, Republic Steel Corp. 
Subject matter, emphasizing importance 
of welding in the present war economy, in- 
cludes maintenance and structural weld- 
ing, resistance welding and _ inert-gas- 
shielded are welding. 


Nationally Known Dinner Speakers 

Principal speaker for the evening ban- 
quet session, starting at 6 P.M., is U. 8. 
Senator Karl Mundt. Long recognized 
as an outstanding authority on foreign 
affairs and the evils of Communism, Sena- 
tor Mundt has built up a world-wide repu- 
tation with his powerful, to-the-point dis- 
cussions of important subjects. Louis B. 
Seltzer, crusading editor of the Cleveland 
Press and one of the most outstanding jour- 
nalists in America will act as Toastmaster. 

Requests for information and reserva- 
tions should be directed to Symposium 
Committee, AMERICAN WELDING Soctety, 
Hote! Allerton, Cleveland, Ohio. 


Exhibit Space at Metal Show 
in Detroit 


The largest number of exhibitors ever to 
have space assigned as early as seven 
months before the National Metal Con- 
gress and Exposition opens is the 1951 
record for the Metal Show in Detroit 
during the week of Oct. 15-19, 1951. 

A total of 244 industrial firms and 
organizations were all set. to exhibit at the 
33rd annual National Metal Exposition as 
of March Ist. 


According to W. H. Eisenman, Manag- 
ing Director of the Exposition, these early 
decisions to participate in the world’s 
largest industrial exposition indicate 
clearly that the importance of the Metal 
Show has taken on new significance under 
the preseni world tension. 

Getting things done better and faster 
and with every possible acceptance of 
efficient utilization and substitution of 
strategic materials will have widespread 
consideration in both the technical dis- 
cussions and the practical demonstrations 
of equipment, processes and techniques 
during the five days in the Motor Capital. 

Sparked by the Saturday and Sunday 
American Society for Metals’ Seminar 
(Oct. 13-14) close to 250 technical papers 
will be presented by the world’s top 
authorities in metallurgical science. 


1950 Bound Volume 
Copies of the 1950 Bound Volume of 
Tue JOURNAL are now available. 
The price is $15. Order through the 
American Soctety, 33 W. 39th 
St., New York 18, N. Y. 


‘Service Ballett 


Position Vacant 
V-254. Welding Research Engineer to 
develop research program on welding 


Tempilstik 


problems for major petroleum refiner, 
location Chicago. Require graduate 
metallurgist, preferably with advanced 
degree, with extensive experience in weld- 
ing research. Age 28-40. Please give 
full details of training, experience and 
salary requirements in reply. All inquiries 
will be treated in confidence. 


Services Available 


A-615. Fourteen years’ experience in 
welding. Held positions as Naval in- 
spector, technician, gang boss and com- 
bination welder. Experienced in pipe 
lines, storage tanks, various phases of con- 
struction, repair shop, etc. Qualified for 
any position. Can furnish best of ref- 
erence. Age 31. Married. 


Veterans of Foreign Wars 
ot the United States 


A convenient method of 


Simply mark your workpiece 
with the proper Tempilstik® 
When the mark melts, the specified 
temperature has been reached. 


controlling working 
temperatures in: 


© WELDING 

FLAME-CUTTING 

© TEMPERING © DRAWING 

© FORGING © STRAIGHTENING 
© HEAT-TREATING IN GENERAL 


FREE — Tempil® “Basic Guide to 
Ferrous Metallurgy” — 16%" 
by 21” plastic laminated wall chart in color. 
Send for sample pellets, stating temperature 
of interest to you. 


© CASTING 
MOLDING 


400 

450 

oa Also available 
600 in pellet or 
650 liquid form 
700 

750 

800 

850 

900 


TEMPIL’ CORP., 132 west 22nd st., NEW YORK 11. N. Y. 


We invite inquiries from reputable distributors interested in handling Tempil® products. 
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You can nach more 
into WELDING ROD 
COATIN GS 


Greater arc stability...faster metal melt...easier slag removal... 
more protection of weld metal—these are the benefits gained by 
using titanium dioxide in welding rod coatings. Now, by using 


TITANOX-TG as your source of titanium dioxide, you can get a 
better controlled, higher TiO, content in your coatings. 
TITANOX-TG is a non-pigmentary grade of titanium dioxide that 
is exceptionally free from phosphorus, sulphur and volatile 
metals including zine and antimony. This purity, plus the fact i 
that TITANOX-TG requires much less silicate binder, makes it pos- | l 
sible to increase appreciably the TiO, content of the coating in | 
accurately controlled amounts. ; | 


Free-flowing, non-sticking and non-balling, highly purified 
TITANOX-TG contributes to faster, more economical production, 
especially when dry blending is employed. It also facilitates the 
manufacture of small diameter rods. Our Technical Service De- 
partment will be glad to help you adapt TITANOX-T¢ to your tita- 
2 nium-coated electrodes. Titanium Pigment Corporation, 111 
Broadway, New York 6, N, Y.; Boston 6; Chicago 3; Cleveland 
15; Los Angeles 22; Philadelphia 3; Pittsburgh 12; Portland 9, 
Ore.; San Francisco 7. In Canada: Canadian Titanium Pigments, 
Ltd., Montreal 2; Toronto 1. 


8994 


TITANOX 


TITANIUM PIGMENT! 
CORPORATION 


Subsidiary of NATIONAL LEAD COMPANY 
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MORE THAN 
90% WITH 


EUTECT cTic 


WELDING ALLOYS 


When a leading research institute's tensile testing machine was over- 
loaded, the top snapped completely off the two side members. At first, 
the old-fashi tional high heat fusion methods were tried. 
The entire operation—pre-heat, slow cool, etc.—consumed 48 hours in 
all; and, on the first day after its repair, the casting cracked wide open 
again, through and alongside the welding area. It seemed as though 
the entire casting would have to be scrapped. Before taking this costly 
step, Eutectic was consulted . 

The damage was repaired ‘permanently with EUTECTIC’s BIG TEAM 
—CutTrode + EutecTrode 24, for cast iron. CutTrode—a new special 
metallic-arc oxygen-less cutting electrode first the breaks, in 
ereparation for welding. Suffi d from the 
use of CutTrode to weld the entire job without -bn further pre-heat. 
The breaks were first tack welded; then stringer beads were deposited 
with new EutecTrode 24. The entire job — permanently welded — was 
accomplished in only 4 hours—1/12 THE ORDINARY WELDING TIME! 
(Complete details and photos of this job available on request.) 


setting new stond- 
where. Drawbacks 


, warping, 
eliminated 


WELDING ALLOYS CORPORATION. 


Technical information 
40-40 172 Street 
; Independent Pioneer of the Welding todustry 
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WELDING 


CODES 
STANDARDS 


and SPECIFICATIONS 


Are you fully informed on the latest welding 
standards available? Have you missed any of the 
earlier standards? This column is published as a 
regularly monthly feature of The Welding Journal 
to keep you abreast of AWS technical standards, 
which are universally recognized as the most au- 
thoritative source of welding information. 

The list of publications shown below is only 
partial; it is changed from month to month. 


Keep informed—Read this column regularly. 


B. TRAINING INSPECTION AND 
CONTROL 


Training, Qualification and Inspection 
B1.1-45 Inspection Handbook for Manual 
Metal-Arc Welding (Emergency Standard) $2.00 


B2.1-45 Code of Minimum Requirements for 
Instruction of Welding Operators: Part A— 
Arc Welding of Steel 75¢ 


B2.2-44T Code of Minimum Requirements for 
Instruction of Welding Operators: Part B-l— 
Oxy-Acetylene Welding of Steel Aircraft 


EUTECROD 1800 DOES “IMPOSSIBLE” JOB WITH EASE. In the magnet 
charger shown above, 23 copper joints had to be welded without distor- 
tion, for the cumulative effect of even the slightest warpage per joint 
would ruin the job. This seemingly impossible metal-joining problem was 
easily solved with EutecRod 1800—the fast-flowing, high conductivity, 
high strength “Eutectic Low Temperature Welding Alloy” that welds 
steel, copper, and nickel units that demand distortion-free elasticity 


(Tentative) 75¢ (Write for complete data.) 
B3.0-41T Standard j Qualification Procedure e 
(Tentative) 50c 
EUTECROD 16 STRENGTHENS RES- 
C. PROCESSES ° CUE LADDER CONSTRUCTION. The 


Recommended Practices 


C1.1-50 Recommended Practices for Resist- pis, 
ance Welding $1.00 


Cl.2-42T Tentative Standards and Recom- 
mended Practices and Procedures for Spot 
Welding Aluminum Alloys (Emergency 
Standard) $1.00 


C2.1-50T Recommended Practices for Metal- 
lizing: Part 1A—Metallizing Shaft or Simi- 
lar Objects; Part Il1—Metallizing—Safety 
Recommendations Together 75c 


NOTE: 25% discount to A and B members and 
15% discount to C members of AWS on copies 
of any codes and standards listed above except 
starred items. 


Send your orders, or requests for order forms con- 
taining complete list of AWS publications to: 


Dept. T 


American Welding Society 


Curtiss-Wright “Seahawk” collapsible 
ladder shown in the photo is con- 
structed in cross-sections that swing to- 
gether on hinges. Previous attempts to 
weld the ladder joints with conven- 
tional high-heat alloys resulted in mis- 
aligned structure that rendered the lad- 
der unsafe. This unusual metal-joining 
problem was solved by using new 
EutecRod 16 and slight design modifi- 
cation. (Details on request.) The parts 
thus joined remained distortion -free 
and strong, surpassing the rigid Navy 
equipment requirements. 


; IC Low Temperat 
EUTECTIC Low Ten 


porosities, on 
when you use 


EUTECTIC WELDING ALLOYS CORPORATION | 


Technical Information 8 


33 West 39th Street 
é New York 18, N. Y. 40-40 172 STREET “FLUSHING - NEW YORK, N.Y, 4 
Independent Pioneer of the Welding industry 
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P. M. Mattern 


Philip M. Mattern, Assistant Manager 
of Are Welding and Supply Sales, Equip- 
ment Sales Dept., Air Reduction Sales 
Co., a division of Air Reduction Co., Inc., 
died Feb, 26, 1951. 

Mr. Mattern was born Aug. 5, 1906, in 
Phillipsburg, Pa. He graduated from 
Newark College of Engineering in 1928, 
and had the honor of being president of 
his class in his senior year. 


P. M. Mattern 


In 1927, Mr. Mattern joined Joseph T. 
Ryerson & Son as sales correspondent, and 
two years later became a field representa- 
tive. In 1932, he joined Wilson Welder 
and Metals Co., Inc., North Bergen, N. J., 
as a salesman. He served in various ca- 
pacities and in 1944 was appointed Gen- 
eral Sales Manager of this company. In 
1948, Mr. Mattern assumed the duties 
of Assistant Manager of Arc Welding Sales, 
Air Reduction Sales Co., in addition to his 
duties as General Sales Manager of Wilson 
Welder and Metals Co., Inc. The first of 
this year he was appointed Assistant Man- 
ager of Are Welding and Supply Sales, 
Equipment Sales Dept., Air Reduction 
Sales Co. 

In addition to his work with Airco, Mr. 
Mattern taught evening classes in welding 
at Pratt Institute in Brooklyn, N. Y., for 
four years during World War Il. He 
also was very active in various trade so- 
cieties and associations such as the Na- 
tional Electrical Manufacturers Assn. and 
the American Wexpine Society. For 
the past seven years he was Secretary- 
Treasurer of the New Jersey Section of 
A. W.S. 
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F. E. Rogers 


Fred Emerson Rogers, former technical 
publication editor, died Feb. 8, 1951, at 
his home in East Orange, N. J., after a 
short illness. 


F. E. Rogers 


Mr. Rogers joined the editorial staff of 
Machinery in 1899, and in 1916 became 
editor. In 1918 he left Machinery to be- 
come president of the Service Engineering 
Co., New York, of which he was one of the 
founders. In September of that year he 
was appointed Advertising Manager of 
the Davis-Bournonville Co., and upon 
acquisition of that concern by Airco, 
Mr. Rogers entered the Publicity Dept. 
In 1929 he originated the Bulletin, a 
technical company house publication and 
was editor of the Bulletin until his re- 
tirement in 1940. 

Mr. Rogers was long active in the affairs 
of the American Soctery, and 
was a member of many committees that 
contributed to the dissemination of weld- 
ing engineering knowledge. He also was 
active in the International Acetylene Assn., 
and had long been a member of the Ameri- 
can Society of Mechanical Engineers. 


Burthwick Joins Canadian Navy 


Ross M. Burthwick, Publicity Chairman 
and member of Executive Committee of 
the Columbus Section, Amertcan WeELp- 
1nG Soctery, for the past three years, is 
leaving the United States to become a 
Lieutenant on Special Naval Duty with 
the Canadian Navy. 


Personnel 


Ross M. Burthwick 


Mr. Burthwick was enrolled in Welding 
Engineering at the Ohio State University 
from June 1946, until May 1948. While 
there he was a Technical Assistant on the 
staff in the Welding Engineering Dept. 
Later he was instrumental in completing 
the patent classification system of the 
Davis library at the Ohio State University. 
Mr. Burthwick left the University to be- 
come Welding Engineer for the Ralston 
Steel Car Co. of Columbus, Ohio. For the 
past two years Mr. Burthwick has been 
the Welding Engineer for Williams & 
Co., Columbus, Ohio. 


D. D. Spoor Appointed Chief of 
the Welding Section of N.P.A. 


Dale D. Spoor, manager of the Equip- 
ment Sales Dept. of Air Reduction Sales 
Co., a division of Air Reduction Co., Inc., 
has been granted a leave of absence to 
serve with the National Production Au- 
thority in Washington, D. C. 

The N.P.A., established to handle the 
allocation ‘of critical materials, has called 
upon American Industry to furnish men 
with a thorough knowledge of their indus- 
try and its needs to aid in this program. 
Airco has been asked to supply the man to 
take charge of the Welding Section. Mr. 
Spoor, as Chief of the Welding Section of 


Dale D. Spoor 
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the trade marks “tt” and “TUBE- 
TURN’ are applicable only to 
products of TUBE TURNS, INC. 


Bring on your severe conditions — 


OUR FIRST CHOICE for severe service conditions in piping is the 
¥ coun Welding Neck Flange. It is engineered with a long tapered 
hub and a smooth transition in thickness to the pipe-end bevel. 
Tea This means greater pressure-containing capacity under extreme 
temperature as well as much longer life than other types when repeated 
pipe bending or severe vibrations are involved. 
For other jobs choose from these TUBE-TURN Welding Flanges: 
Write Dept. 0-4 for free slip-on flanges; lap-joint flanges; socket-welding flanges; blind flanges; 
booklet, “Research on orifice flanges; pipeline non-standard flanges. Get in touch with’ your nearby 
TUBE TURNS’ Distributor. You'll find one in every principal city. 


“Be sure you see the double tt” 
TUBE TURNS, INC, 


DISTRICT OFFICES: New Yerk + Philadelphia Pittsburgh Chicage Houston Telse Sen Francisce Les Angeles 
TUBE TURNS OF CANADA LIMITED, CHATHAM, ONTARIO .. . A wholly owned subsidiary of TUBE TURNS, INC. 


TAS 


Welded wrought-iron lines 


Underground tunnels at Cleveland’s City Hospital 
contain the old and the new in piping. New 125- 
pound steam main (Fig. 1) serving several new 
buildings is welded. A welded system with TUBE- 
TURN Fittings was chosen to cut installation time, 
and to get tight, leakproof joints. 

New welded line (Fig. 2) elbows neatly over an 
older pipe. When space is confined like this, weld- 
ing is the answer. Contractor welded pipe from 2” 
up to 12” in tunnels, boiler room and power house. 

With welding equipment on the job it’s easier to 
put up pipe supports too. Eyebolt (Fig. 3) is quickly 
welded to TUBE-TURN Elbow, support rod hooked 
through it. This steam line to the water heaters 
must be secure. 

Insulation on the maze of piping to the boiler 
feed pumps (Fig. 4) went up fast, with no flanges 
to work around. In such close quarters a neat design 
and reduced space requirements are especially 
important. And with the pipe welded to TUBE-TURN 
Fittings, joints won’t leak, and insulation will last. 


Fig. 1. Welded underground steam main. 


DISTRICT OFFICES 
New York 
Philadelphia 
Pittsburgh 
Chicago 

Houston 

Tulsa 

San Francisco 

les Angeles 


TUBE TURNS, INC. 


LOUISVILLE, KENTUCKY 


TUBE TURNS, INC., Dept. 0-4 
224 East Broadway * Lovisville 1, Kentucky 


Your Name 
Position 

Company 

Nature of Business 

Address 

City 


serve new Hospita 
Buildings \ 
4 
“4% q Fig. 2. New welded piping fits in small! space. 
— 
Fig. 3. Support on steam line elbow. 
Fig. 4. piping. 


THAT AC WELDER LOOKS & THAT'S RIGHT, BiIll— AND WITH 


GOOD TO ME, JIM. WE CAN & oa CONTROL AT THE WORK WE 
GET IT OFF THE FLOOR << GET MORE DONE, AND 
—AND HAVE MORE | oo DO IT BETTER! 


ROOM TO WORK! 


* 
1 Save floor space, cut welding time 
‘ae | for more production at lower cost | 
4 » «+» use P&H AC Arc Welders with | 
exclusive Dial-lectric remote control 
=r a Give yourself more room for your production needs. Mount your P&H 
bh Welder off the floor, out of the way. 


the heat on at the work. It also cuts down his “walking time” . . . turns it 
into welding time for increased output. 

Besides saving space P&H Dial-lectric control eliminates cores, coils, } 
sprockets, gears and other moving parts that cause 5 
excessive maintenance and downtime. 

P&H AC Welders are available in a full 
range of sizes up to 625 amps. See your P&H 
representative or distributor for full details 
on how this outstanding welder can save you 
time and money. 


Dial-lectric remote control lets you do this. Your operator can turn 


WELDING DIVISION 
4551 W. National Avenue 
Milwaukee 14, Wis. 


HARM 


Excavators © Overhead Cranes ® Hoists © Arc Welders and 
Electrodes ® Soil Stabilizer © Crawler and Truck Cranes 


® Diesel Engines © Cane Loaders ® Pre-assembled Houses 2257 
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the Machinery Division of the National 
Production Authority, will head the group 
to which all manufacturers of welding 
equipment, apparatus, supplies, electrodes 
and welding rod will look for their require- 
ments of critical materials. 

Mr. Spoor, who has an excellent back- 
ground in the welding industry, is well 
qualified for this position. He received 
his degree in Engineering Administration 
from Massachusetts Institute of Technol- 
ogy in 1922. His career in the welding 
industry began with the construction of an 
oxygen plant in California, in 1928. He 
has served in various capacities in the 
Airco organization, including an assign- 
ment in Washington, and in 1941 became 
manager of the St. Louis District. In 
1948 he was appointed manager of the 
Equipment Sales Dept. which he organ- 
ized, combining the former oxyacetylene 
and are-welding equipment and supplies 
departments, 


Dr. John F. Thompson Elected 
Chairman of the Board 


Dr. John F. Thompson, President of 
The International Nickel Company of 
Canada, Ltd., was elected to the addi- 
tional office of Chairman of the Board of 
Directors, succeeding the late Robert C. 
Stanley, at a special recent meeting of the 
Board. 

Dr. Paul D. Merica, Executive Vice- 


FOR WELDING and CUTTING== 


President and a Director, was elected a 
member of both the Executive Committee 
and the Advisory Committee of the Com- 
pany. 

Dr. Thompson joined the Company in 
1906 as metallurgist to design and operate 
a research laboratory at its Orford Wks. 
for the investigation of the potentialities of 
the nickel-copper alloy Monel, which had 
just been developed. This was the Com- 
pany’s first research laboratory. In charge 
of all research and technical activities on 
Monel and malleable nickel and head of all 
field and outside plant operations from 
1906 to 1918, he established and became 
manager of the first Technical Dept., 
which was a forerunner of International 
Nickel’s present Development and Re- 
search Division. Becoming Manager of 
Operations in 1921, he supervised the con- 
struction and initial operations of the 
Company’s Huntington, W. Va., Wks., 
founded for the production of nonferrous 
alloys. 

He was elected Assistant to the Presi- 
dent in 1928, and was made a Director and 
a member of the Executive Committee in 
1931, a Vice-President in 1932, Executive 
Vice-President in 1936, and a member of 
the Advisory Committee in 1937. Dr. 
Thompson succeeded Mr. Stanley as 
President in February 1949. 

Dr. Thompson is a Director of Texas 
Gulf Sulphur Co., Inc., American Bank 
Note Co. and The American Metal Co., 
Ltd., and a Trustee of the Bank of New 
York and Fifth Avenue Bank. He is a 
past-president of the Mining and Metal- 
lurgical Society of America and an honor- 


ations, 


Carbid 


IN THE RED DRUM 
EFFICIENT 
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ary member of The Institute of Metals 
(Great Britain). 

For his distinguished engineering 
achievements, Dr. Thompson was awarded 
the Thomas Egleston Medal of the Colum- 
bia University Engineering School's 
Alumni Association in 1944. In June 
1950, he was presented by General Dwight 
D. Eisenhower with an Honorary Degree 
of Doctor of Science, at Columbia Univ- 
ersity. 

Dr. Merica has been Executive Vice- 
President since Feb. 7, 1949. He first 
became associated with the Company in 
1919, becoming Director of Research and 
subsequently Associate Manager of the 
Development and Research Dept. Dr. 
Merica was elected Assistant to the Presi- 
dent in 1931, a Director in 1934 and a 
Vice-President in 1936. In addition to 
his responsibilities as Executive Vice- 
President he has continued to give special 
attention to the Company’s research ac- 
tivities in Canada, the United Kingdom 
and the United States. He has evolved 
numerous iron-nickel and copper-nickel 
alloys and is the author of many technical 
papers and articles. 

Among the awards Dr. Merica has re- 
ceived for his contributions in the field of 
metallurgy and outstanding leadership in 
physical metallurgy has been the John 
Fritz Medal, which was presented to him 
in 1938. 

Dr. Merica is a Director of The Babcock 
& Wilcox Co. and The American Metal 
Co., Ltd., and a member of numerous en- 
gineering societies. 


Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 


NATIONAL CARBIDE COMPANY New York 17,N.Y. 


A Division of Air Reduction Co., Inc. 
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THE WESTERN PIONEER 


(Outfit No. 70) 


With this outfit, which can be extended in ultimate 
usefulness by the simple addition of smaller or 
larger welding or cutting tips, you can handle every 
kind of welding, brazing, soldering, pre-heating 
or flame-cutting operation you will encounter in 
shop or field. 


This welding and cutting outfit is the result of forty 
years of actual welding experience by its designers 
and makers; forty years of conducting one of the 
West Coast's largest engineering and construc- 
tion firms specializing in every phase of gas and 
electric welding; forty years of designing and man- 


this is the very finest. 


welding and flame-cutting outfit 
prudent dollars can buy. 


ufacturing welding and cutting equipment capable 
to withstand the tremendous wear and tear of 
rough construction jobs in the High Sierras, the 
great western deserts, on bridges, dams, or huge 
pipeline jobs. 


Here, equipment had to be able to stay on the job ‘ 


for weeks and months without needing repair or © 


replacement. Here, outfits had to be able to do the | 


smallest or the biggest job—easily, dependably, 
and economically. Here a breakdown would cause 
great financial loss. 


you can purchase the ‘‘western pioneer’’ with the utmost confidence and 
use it with maximum satisfaction — your money can buy nothing finer. 


Made by 


/ 
National. WELDING EQUIPMENT CO., San Francisco 5, California | 
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1950 Supplement to the Metal 
Cleaning Bibliographical 
Abstracts 


This 1950 Supplement, prepared by Jay 
C. Harris, Chairman of A.S8.T.M. Com- 
mittee D-12 on Soaps and Other Deter- 
gents, brings up to date the original 
A.S.T.M. publication—Metal Cleaning 
Bibliographical Abstracts (1893-1949)— 
published in 1949. The Supplement, with 
170 bibliographical abstracts, including 89 
additional references for 1932 to 1948 and 
81 new references for 1949 and 1950, covers 
32 pages. 

As in the original bibliography, the 
references are arranged by year and then 
by author. Also, in order to facilitate 
reference to the abstracts, they have been 
thoroughly indexed in the following four 
ways: Subject, Author, Specification and 
Patent. 

The original 72-page Metal Cleaning Bib- 
liographical Abstracts (STP 90) is available 
at $2.75 per copy; the 32-page 1950 Sup- 
plement (STP 90-A), at $1.00 per copy. 
Both have heavy paper covers. 

When ordered together the Bibliog- 
raphy and Supplement are $3.00. 

These publications, which should be of 
widespread interest to all those concerned 
with metals and their surface conditions 
and cleaning, can be obtained from the 
American Society for Testing Materials, 
1916 Race St., Philadelphia 3, Pa. 


A Story of Industrial Progress 


The contribution that the oxy-acetylene 
flame has made to the progress of industry 
is outlined in a new booklet, “Oxy- 
Acetylene Flames and Metalworking— 
A Story of Industrial Progress.’ This 
16-page illustrated booklet, written in 
layman's language, traces the bistory of 
the oxy-acetylene flame and explains 
how industry is using it today in cutting, 
welding, and heating operations. Many 
specialized jobs of the flame, such as hard- 
facing, flame-softening, flame-hardening, 
powder-cutting, steel-conditioning, 
are briefly described. 

A copy of the booklet may be obtained 
without charge from the nearest office of 
Linde Air Products Company, a Division of 
Union Carbide and Carbon Corporation, 
or by writing direct to Linde Air Products 
Company, 30 East 42nd Street, New 
York 17, N. Y. 


Tractor Repairs 


Worn tractor parts can be salvaged 
quickly—and at a minimum cost to you— 
with Manganal 11-13'/.% manganese- 
nickel steel products. The Stulz-Sickles 


Co., 134 Lafayette St., Newark 5, N. J., 
will send you, upon request, an informa- 
tive booklet describing methods for mak- 
ing these repairs speedily and economically 
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with Manganal Applicator Bars and Weld- 
ing Electrodes. Under today’s conditions, 
repairing and rebuilding your own equip- 
ment is of the utmost importance. 


Folder Describes New Power Tool 


A new production hand tool called the 
“Hi-Power Grinder” is described in a 4- 
page folder just published by Chicago 
Wheel & Mfg. Co., 1101 W. Monroe St., 
Chicago 7, Ill. The folder is fully illus- 
trated, outlines the advantages and ex- 
clusive features found in the tool, and 
shows its applications in the industrial 


field. 


Bulletin on Nonhardening 
Straight Chromium Stainless 
Steel Tubing 


The current restrictions on the use of 
nickel in steel have forced engineers asso- 
ciated with the design, fabrication and ap- 
plication of equipment using vital chrome- 
nickel stainless steels to seriously investi- 
gate the use of straight chromium stain- 
less grades. To assist in solving the prob- 
lem, The Babcock & Wilcox Tube Co. has 
published a new 4-page bulletin outlining 
the physical and mechanical characteris- 
ties of three nonhardening straight chro- 
mium stainless tubing steels. Known as 
Bulletin TDC 140, it discusses B&W Croloy 
18 Al (A.LS.I. Type 405), B&W Croloy 19 
(A.L.S.1. Type 430) and B&W Croloy 
27 (A.LS.1. Type 446). Included are 
technical data on analyses, creep strength, 
properties at room and elevated tempera- 
tures, corrosion and oxidation resistance, 
forging, forming, machining, welding and 
heat treatment. 

Copies of Bulletin TDC 140 are available 
free on request to the company’s offices at 
Beaver Falls. 


Piping Engineer’s Dimensional 
Data Card 


Dimensions on welding fittings and 
flanges that could otherwise be found only 
by searching through many catalog pages 
and tables have been condensed and re- 
produced by Taylor Forge on two sides of 
an 8'/,- x 11-in. card. 

One side covers the broad WeldELL line 
of Taylor Forge welding fittings. It shows 
the wall thickness and the essential di- 
mensions for all types of fittings for every 
nominal pipe size from '/; through 30 in. 

The other side covers the company’s 
complete line of forged steel flanges. The 
essential dimensions and bolting data are 
given for all types of flanges, in all weights, 
for nominal pipe sizes from '/; through 24 


Other useful information for piping en- 
gineers is also given on the card. 
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The cards are varnished on both sides to 
enable them to withstand prolonged use. 

Cards are available to anyone concerned 
with piping problems or applications upon 
request to the Taylor Forge & Pipe Wks., 
P. O. Box 485, Chicago 90, Ill. 


Safety Guide 


A new, revised issue of the “AO Eye 
Safety Guide” listing eye-hazardous oc- 
cupations and the recommended eye pro- 
tection for specific industrial eye hazards, 
has been prepared by American Optical 
Co., Southbridge, Mass. 

Completely illustrated, the guide is an 
ideal reference chart in that it contains a 
careful summary of recommendations 
made by the Safety Engineering Service 
Bureau of AO for eye-hazardous jobs 
throughout many industries. It indi- 
cates quickly where eye hazards are most 
common and the types of protective de- 
vices necessary. 

Free copies may be obtained from 
American Optical Co. branches located in 
all principal industrial cities. 


Practical Welding 


Pratique du Soudage (Practical Welding) 
by Daniel Séférian. 4 x 7 in., 255 pages, 
130 illustrations, 8 plates, 1950. Pub- 
lished by Sfelt, Paris, France. Price 390 
francs. 

The author of this manual on the practi- 
cal aspects of welding has been Director of 
the Central Office of Gas Welding in Paris 
for fifteen years, and taught at the Weld- 
ing College in Paris during that time. The 
book is intended for the gas and are weld- 
ing operator. 

The first section of the book (77 pages) 
deals with oxyacetylene welding; the 
second section (49 pages) with arc weld- 
ing. Installation of equipment and meth- 
ods of executing welds are described in de- 
tail. The third section (62 pages) deals 
with distortion, while in the fourth sec- 
tion (75 pages) methods of welding alloy 
steels and nonferrous metals are discussed. 
The subjects of resistance welding, sub- 
merged arc welding, and inert-gas-shielded 
are welding are dismissed in ten brief 
pages at the end of the book. 

The book supplies practically all the 
information a welding operator will re- 
quire for general practice, the chapters on 
oxyacetylene welding being particularly 
thorough. 


Aluminized Steel 


Aluminized Steel—steel with a special 
coating of aluminum— is discussed in a new 
booklet published by Armco Steel Corp 

The illustrated 24-page booklet, ‘Armco 
Aluminized Steel,” describes the steel’s 
aluminum surface, its heat and corrosion 
resistance and outstanding heat reflectiv- 
ity—80% up to 900° F. Photographs and 
a listing of applications show where manu- 
facturers have used Aluminized in a wide 
variety of products. 

Also included are data on mechanical 
and forming properties, available sizes 
and gages, as well as detailed recommenda- 
tions for welding by various methods, 
brazing and finishing. 
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Copies of the booklet can be obtained 
from Armco Steel Corp., Middletown, 
Ohio. 


Welding Speed Steels 


A bulletin, No. 907, just off the press 
tells the techniques, with illustrations, for 
welding Speed Steels produced by W. J. 
Holliday & Co., Inc., Hammond, Ind. 
These steels include Speed Case (X1515), 
Speed Treat (X1545) and Speed Alloy hot- 
rolled alloy plate. Speed steels are indi- 
cated for molds, dies and machine parts. 

A table gives recommended electrodes, 
name of manufacturers, polarity, rod 
sizes, amperes and volts. Copies of this 
informative bulletin are available on re- 
quest. 


All-State Welding Catalog 


A new 4-page, 8'/,- x 11-in. folder, just 
published, is wholly devoted to purchas- 
ing data on All-State welding, brazing, 
soldering, cutting and tinning alloys and 
fluxes. All details that a buyer or pur- 
chasing agent must know to make proper 
selection and enter his order are covered. 

Organization of the data facilitates se- 
lection of materials that meet require- 
ments most exactly. Copies can be ob- 
tained from any All-State distributor and 
All-State Welding Alloys Co., Ine., 273 
Ferris Ave., White Plains, N. Y. 


Nooter Corp. 


Beyond Your Blueprints is the title of 
the 16-page catalog released by the Nooter 
Corp. of St. Louis, Mo. Fully illustrated, 
the catalog provides many useful facts re- 
garding steel and alloy plate fabrication, 
in addition to explaining and picturing the 
many specialized techniques and services 
of the Nooter Corp. in the fabrication of 
tanks and vessels-for the petroleum and 
chemical processing industries 

Another exclusive and useful feature of 
the Beyond Your Blueprints catalog is the 
extensive section devoted to valuable Cor- 
rosion Data Charts in which are listed the 
resistance values of commonly used met- 
als with reference to hundreds of chemi- 
cals, 

A copy of Beyond Your Blueprints may 
be obtained without obligation by address- 
ing your request on company letterhead to 
the Nooter Corp., 1400 8. Second St., St. 
Louis 4, Mo. 


Technical Data Stainless Tubing 
Steels Offered by B & W 


Technical data valuable to engineers 
associated with the design, fabrication and 
application of stainless tubing is offered 
in a new four-page bulletin published by 
The Babcock & Wilcox Tube Co. Known 
as Technical Bulletin 19, it contains con- 
densed data on analyses, oxidation resist- 
ance, thermal treatment and mechanical, 
electrical and physical properties on ten 
of the most popular austenitic and ferritic 
stainless tubing steels. 

Copies of Technical Bulletin 19 are avail- 
able free on request to the Company's 
offices at Beaver Falls, Pa 
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Armor, Welding Electrodes 


and All Ste ra Types 


AC oF ; SEST 


on all type 


of stoinless steel 


STAINLESS STEEL ij 

has great strength . . . but its strength 

is limited by the quality of welds 

which seal the joints. In all kinds of 
manufacturing—military work in 
particular—stainless is being used 

more widely. If you weld stainless, 8 4 
choose electrodes with care. 


PAGE STAINLESS STEEL : 
ELECTRODES, AC or DC, give a wi 
stable arc under all conditions. 
The metal flows smoothly. Slag is clean 
and easily removed. The coating ‘ 
resists cracking down to very short 

stubs. Now available in 10-lb. lined, 


hermetically sealed metal cans which 


can be reclosed. Be sure... specify 
Page Stainless Steel Electrodes. 


Monessen, Po., Atlanta, Chicago, Denver, Detroit, 
Los Angeles, New York, Philadeiphic, Portland, 
Sen Francisco, Bridgeport, Conn 
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Fellowships 


A $2000 fund has been subscribed by 137 
former students of Dr. Matthew A. Hun- 
ter, retired dean of the faculty at Rens- 
selaer Polytechnic Institute, to establish a 
prize in hisname. The annual net income 
from the fund will be awarded the senior 
in metallurgy whose graduating thesis is 
adjudged the best. 

Before Dr. Hunter became dean of the 
Rensselaer faculty in 1947, he had for 12 
years been head of metallurgical engineer- 
ing. Prior to the founding of the depart- 
ment in 1935 he had organized creative 
research in metallurgy at the Institute and 
had attracted many students into that 
field while he was head of electrical engi- 
neering. 

The award, to be formally known as the 
Matthew Albert Hunter Prize, will be 
made for the first time at the June com- 
mencement. The metallurgical faculty, 
headed by Dr. Wendell F. Hess, will select 
the winner. Throughout a long and bril- 
liant professional career Dr. Hunter has 
been recognized as a national leader in re- 
search on metals and their weldability. 


Eutectic Celebrates 
Tenth Anniversary 


On the occasion of the company’s tenth 
vear of operation in the United States, R. 
DD. Wasserman, President of Eutectic 
Welding Alloys Corp., has issued the 
following statement: 

“Eutectic’s is not an ordinary success 
story; it is proof of the fact that the 
pioneer spirit is still alive in America, and 
that a new product, if it possesses real 
merit, can prove itself. My thanks to all 
the welders of America who have helped 
Eutectic develop newer and better welding 
products by the faith and confidence they 
have displayed throughout these first 
struggling years.” 

The company has just announced the 
new Engineering and General Offices 
Bldg., which will be ready for oecupancy 
by March 1951. This building will ex- 
pand the free Consultation- Demonstration 
Service the company now renders through 


— 


its 200-man field force; it will also help to 
disseminate up-to-date technical informa- 
tion to welding engineers, metallurgists 
and the men in the shop. 

Production of welding rods, too, has 
been enlarged to meet the heavy demands 
of industry. Completed and in operation 
since October 1949, the company’s plant in 
Flushing, N. Y., contains the most 
modern, specialized equipment available. 
It has increased the potential capacity to 
more than five times that of the former 
plant, and today serves the needs of over 
78,000 users of welding in America. 
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1951 Code for Pressure Piping 


To bring the 1951 Code for Pressure 
Piping in line with current practice most 
of the text of the 1942 edition has been 
revised and much new material has been 
added. For example, revised Lists of 
Material Specifications contain a number 
of new specifications and the latest effec- 
tive dates of existing ones . . . tables of al- 
lowable stresses include values for new 
materia! . . . ambiguous or conflicting re- 
quirements have been clarified . . . pres- 
sure-temperature ratings of Supplement 1 
of the Standard on Steel Pipe Flanges and 
Flanged Fittings have been adopted . . . 
there are provisions for pressure seal valve 
bonnets and welded bonnets . . . require- 
ments for design pressure-temperature 
conditions for dead end instrument piping 
service are furnished . . . welding rules are 
provided along with examples and illus- 
trations to show their application for re- 
enforcement of welded branch connec- 
tions . . . descriptions of and specification 
references to the various types of fittings 
permissible for use with instruments and 
control piping are presented. 

Contents: Power Piping Systems; Gas 
and Air Piping Systems; Oil Piping Sys- 
tems; District Heating Piping Systems; 
Refrigeration Piping Systems; Fabrica- 
tion of Pipe Hangers, Supports, Anchors, 
Sway Bracings, Vibration Dampeners, and 
Pipe Joints Other Than Welded; Expan- 
sion and Flexibility Provisions; Welding of 
Pipe Joints; Welded Branch Connections 
and Fabricated or Cast Specials; Materi- 
als—Their Specifications and Identifica- 
tion; Appendices. Published by The 
American Society of Mechanical Engi- 
neers, 29 W. 39 St., New York 18, N. Y. 
Price $3.50. 


Metallurgical Advisory Board 
Is Organized 


Formation of a board of leading indus- 
trial and academic metallurgists to advise 
the Research and Development Board, 
Department of Defense, on research as- 
pects of some of the nation’s most critical 
metals problems was announced recently. 
The new Advisory Board’s work will be di- 
rectly in the interest of national security 
since metals in huge quantities are essen- 
tial for modern military operations, arms 
and armor. 

Organized by the National Academy of 
Sciences-National Research Council under 
a contract with the Research and Develop- 
ment Board, the Metallurgical Advisory 
Board held its first meeting on February 
7th at the National Academy in Washing- 
ton. 

Within the limits of specific problem 
assignments, the metallurgists are to ad- 
vise the Board on the correlation, coordi- 
nation, interpretation and application of 
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metals research and development pro- 
grams conducted or sponsored by the Mili- 
tary Services, suggest new research proj- 
ects or reorientation of existing research 
and collection and distribute such useful 
metallurgical information as can be gath- 
ered by the establishment of close liaison 
with the professional societies, govern- 
mental agencies and academic and indus- 
trial organization devoted to metals and 
their use. 

Preliminary work by the Metallurgical 
Advisory Board is already in progress on 
research and development phases of three 
of the most urgent metals problems: criti- 
cal and strategic metals and their substi- 
tutes; the application of metals to be used 
at high temperatures, and the development 
of the presently small titanium industry. 

Among the metals in critically short 
supply listed tentatively for the study of 
the Metallurgical Advisory Board are 
columbium, tantalum, cobalt, titanium, 
molybdenum, tungsten and beryllium. 
Other metals are, however, expected to be 
added to this list as the Board progresses 
in its preliminary studies. 

A permanent secretariat and special 
project committees are to assist the Metal- 
lurgical Advisory Boari, which also will 
have the cooperation of the military serv- 
ices, the Munitions Board and other Fed- 
eral agencies actively interested in Metal- 
lurgical problems. Dr. Robert F. Mebl, 
Head of the Department of Metallurgy, 
Carnegie Institute of Technology, is chair- 
man of the Advisory Board and presided 
at the first meeting. 

Members of the Advisory Board are Dr. 
E. C. Bain, Assistant Vice-President, 
United States Steel Corp.; Dr. John 
Chipman, Head of the Department of 
Metallurgy, Massachusetts Institute of 
Technology; Dr. Charles H. Herty, Jr., 
Assistant to the Vice-President, Bethle- 
hem Steel Co.; Dr. Zay Jeffries, retired 
Vice-President of the General Electric 
Co.; Walter E. Jominy, Supervisor of 
Metallurgical Research, Chrysler Corp.; 
Dr. A. B. Kinzel, President, Union Carbide 
& Carbon Research Laboratories, Inc.; 
Dr. Paul D. Merica, Executive Vice-Presi- 
dent, International Nickel Company of 
Canada, Ltd.; Dr. Albert J. Phillips, Di- 
rector of Research, American Smelting and 
Refining Co.; Leo F. Reinartz, Assistant 
Vice-President and Manager, Armco Stee! 
Corp.; Dr. Cyril 8. Smith, Director, Insti- 
tute for Study of Metals, University of 
Chicago: Earle C. Smith, Chief Metallur- 
gist, Republic Steel Corp.; Dr. Kent R. 
Van Horn, Associate Director of Research, 
Aluminum Company of America, and Dr. 
Clyde Williams, Director, Battelle Memo- 
rial Institute. 

Ex officio members of the Board are Dr. 
C. Richard Soderberg, Chairman, Divi- 
sion of Engineering and Industrial Re- 
search, National Research Council; Oliver 
C. Ralston, Chief Metallurgist, U. 5. Bur- 
eau of Mines, and Dr. John G. Thompson, 
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Give your welder 
a chance to 

be proud of 
his footage! 


It’s waste welding time when 
welders have to climb over, 
prop up or flop the work piece 
to get at the different seams. 
It’s all arc-time when Wor- 
thington-Ransome Turning 
Rolls and Welding Positioners 
are used. All welds can be tilted 


or turned into position—with- 


out delay—for continuous 
downhand welding. 
Result—up to 50% more 
footage, better welds (using 
higher current and heavier 
rods), less welding rod waste. 
Write Worthington Pump 
and Machinery Corporation, 
Dunellen, New Jersey, for bul- 
letins or additional information. 


4 

. With one set-up, work piece may be tilted and Production goes up on manual or automatic weld- : 
rotated for either automatic or manual welding. ing, whether repetitive or job work, Turning Rolls ; 

Welding Positioner capacities from 100 1b to 30 tons. from 3 to 150 tons, stationary or self-propelled. 


Welding Positioners 
Turning Rolls 


CS 
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LOW HYDROGEN 
= ELECTRODES 
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The ABC'S of Welding 
High Tensile Steels 
Write for “The ABC's of Welding 
igh Tensile Steels’ for helpful, techni- 
a cally accurate, but easy-to-read information that 
Ba shows the way to better welding results. 


= WELD 


Specialists in Stainless, Low Alloy and Non-Ferrous Electrodes 
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Chief, Metallurgy Division, National Bur- 
eau of Standards. Dr. Finn Jonassen, of 
the National Research Council, is Execu- 
tive Secretary of the Metallurgical Advis- 
ory Board. 

Present at the first meeting were John D. 


| Small, Chairman of the Munitions Board, 


William Webster, Chairman of the Re- 
search and Development Board, and Dr. 
Detlev W. Bronk, President of the Na- 
tional Academy of Sciences and of the 
Johns Hopkins University, as well as rep- 


| resentatives of the military services. 


Speaking for the Munitions Board, Ma- 


| jor General Francis H. Griswold, USAF, 


military director for requirements man- 


| agement, pledged that the Board would 


make available all of its data on strategic 
priorities, and asked in return that the 


| Metallurgical Advisory Board “furnish ad- 
| vice and make recommendations which 


can result in the increased availability of 
strategic and critical materials.” 

Mr. Webster, in welcoming the civilian 
metallurgists, emphasized the need for the 
Advisory Board to initiate ‘new proposals 
in the national interest” as well as to op- 
erate in a general consulting and functional 
capacity where specifically requested. 

“It is not intended that your program 
usually be concerned with the general 
economic aspects of production and sup- 
ply, except as this may be considered nec- 
essary by the Board to a comprehensive 
understanding of a particular objective,” 
he said. 

“It would seem most important, how- 
ever, that deliberations of the Metallurgi- 
cal Advisory Board include aspects of both 


| partial and total mobilization wherever ger- 


mane to their reports and recommenda- 
tions. Proper balance should be main- 
tained between fundamental and applied 
research consistent with the estimated re- 
quirements of manpower and of strategic 
urgency.” 

Mr. Webster said that “tremendous 
amount” of Government-sponsored 
search in the past five years had made it 
unnecessary for the Advisory Board to set 
up a broad functional organization to in- 
augurate programs and to cover all phases 
of the pertinent arts and sciences, as did 
the War Metallurgy Committee in World 
War II. Instead he approved the new 
Board’s plan to operate on a special proj- 
ect basis so as to concentrate its capacities 
quickly and effectively on the most critical 
problems of metallurgy. 

Under this new plan, Mr. V. H. Schnee, 


| Vice-President, University of Oklahoma, 
| and Director of the University’s Research 


Institute, has become Executive Director 
of the Advisory Board. He will provide 
over-all administration of projects and 
supervise liaison with Government, indus- 
try, professional societies and universities. 
Mr. William Mahin, Director of Research, 
Armour Research Foundation, has become 


| Director of the Metallurgical Projects 
| Division. Examples of current projects of 


first importance are high temperature met- 
als and titanium. Dr. Zay Jeffries will 
head the activities on critical and strategic 
metals and their substitutes 

Both Mr. Webster and Dr. Bronk said 
that the Advisory Board represented a new 
approach to important national research 


| problems—an approach assuring greater 
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Sciaky Know-How in Resistance Weld- 
ing of Aluminum to MIL-6860 and 6858 
Specifications is Based on Past Perform- 
ance, Too! 


THE talented elephant is simply a means of calling to 
your attention SCIAKY’S experience in welding 
aluminum. Nearly all resistance welders being used 
today for welding to both MIL-6860 and MIL-6858 
(formerly known as ANW-30 and 32) Air Force- 
Navy Specifications are SCIAKY machines. Sciaky 
leadership in aircraft welding and welding of non- 
ferrous and ferrous alloys is based on early pioneering 
and constant research in this specialized type of work. 


Today, the new SCIAKY Series PMCO2ST Three- 
Phase Modu-Wave Welder offers new benefits to 
the aircraft industry and others welding aluminum, 
magnesium, brass, mild steel, monel, inconel, stain- 
less, heat-resisting alloys and others. The new ma- 
chine is quickly adjustable to handle them all! Quality 
of welds is unsurpassed and tip life is as much as 
300% greater than with previous welders. 


Sciaky guarantees to qualify the PMCO2ST Welder 
to MIL Specifications at the time of installation in 
your plant. For complete data on the welder that 
leads the field in meeting aircraft welding standards, 
write today. 


——— SCIAKY BROS. INC. 


4921 W. 67th St. © Chicago 38, Ill. 


HE’S 
DONE iT 
BEFORE 


NEW SERIES PMCO2ST 
100 KVA at 50% duty cycle. 220 and 440 volt 3-phase 60 
cycle standard. Available with special controls for 25 and 
50 cycle current. Standard threat depths 36” and 54”, 
Welding range to MIL specifications (two thicknesses): 
lumi and mognesium alloys .025” to .081”. SEND FOR 
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Write 
Wire 
Phone 
For 
Your 


Copy 


BUYERS’ GUIDE 
War Production Information 


Torch Welding 


A-S Alloys 


32 pages of purchasing 
data on 31 alloys and 
complete range of 
fluxes. Bare and flux- 
coated rods. 


Same catalog includes 
welding and cutting 
electrodes for ferrous 
and non-ferrous metals 
and complete range of 
alloy steels. 


A-S inning 

= 2  Tinning Alloys 
Book also includes cast 
iron and aluminum 
solders for torch and 
soldering iron applica- 
tion and galvanizing 
and tinning compounds. 


A-S sitversotders 


Exact information is 
included in this book 
enabling user to select 
the particular silver al- 
loy to do the best job 
at the least cost. 


@ All current All-State products are 
covered, including those recently re- 
leased. This book is a buyer's guide 
to the complete line. 


A-S DISTRIBUTORS EVERYWHERE 


ALL-STATE 


WELDING ALLOYS CO. INC. 
White Plains, N.Y. 


search and 


flexibility, maximum civilian cooperation 
with Government and the maintenance of 
the tradition of full freedom for scientific 
research. 

Pointing out that the National Academy 
of Sciences was founded by Act of Con- 
gress with a charter signed by Abraham 
Lincoln, Dr. Bronk told the Advisory 
Board that the Academy had always tried 
to keep alive the interest of civilian scien- 
tists in the research and development 
needs of the military forces. 

“To meet the country’s changing needs 
for scientific research, the Academy has 
often modified the character and scope of 
its activities,’ Dr. Bronk said. “‘Today’s 
meeting of many of the country’s most 
distinguished civilian metallurgists repre- 
sents the latest effort of the Academy to 
further the welfare of the nation. 

“1951 is not 1940, and I do not think we 
ean organize science in 1951 on the same 
basis as science was organized or mobilized 
in 1940. We know today that we are go- 
ing to need continuing basic research. In- 
dividual responsibility for such research 
must be preserved, and the Academy is 
uniquely fitted for this task. The Govern- 
ment does not take over private functions 
unless there is a default by the individuals 
and organizations responsible for them. 
Your voluntary attendance here today, no 
less than the partnership of the National 
Academy of Sciences and the Research 
and Development Board in this metallur- 
gical program, is proof that individual re- 
sponsibility can be preserved and utilized 
in the best interests of our country.” 

Dr. Mehl said, during a discussion that 
followed Dr. Bronk’s remarks, that he be- 
lieved a valuable contribution to the work 
of the Advisory Board could and would be 
made by the professional societies. 

“IT am certain that we are agreed on an 
active effort to enlist the cooperation and 
assistance of the professional societies,” 
Dr. Mehl said. “Already some urgent 
work has been undertaken by the societies, 


| but there will be need for more in the fu- 


ture.” 

Those, other than members of the Met- 
allurgical Advisory Board, attending the 
meeting were: Dr. Douglas Whitaker, 
Chairman, National Research Council; 
Dr. Eric Walker, Executive Secretary, Re- 
Development Board; Mr. 
Mahin; Mr. Schnee; Maj. Gen. J. Fritz 
Phillips and Col. M. D. Burnside, U.S.A.- 
F.; Capt. Steadman Teller, U.S.N.; Brig. 
Gen. R. W. Crichlow, U.S.A.; Earnshaw 
Cook and MeKay Donkin, R.D.B. Con- 
sultants; N. C. Fick, R.D.B. Metallur- 
gist; Louis Jordan, Executive Secretary, 
Division of Engineering and Industrial Re- 


| search, National Research Council, and 


G. D. Meid, Business Manager of the Na- 


tional Academy of Sciences, 


Floating Cranes 


Authorization has just been received 
here by Dravo Corp. for the furnishing of 
13 floating cranes for the Department of 
the Navy, Bureau of Yards and Docks. 
Seven of the cranes will be of 100-ton capac- 
ity and six will be rated for 60-ton loads. 
Two of the larger units are for West Coast 
delivery; the others for assignment to At- 


| lantie ports. 
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Both types of cranes will be patterned 
after similar equipment developed by 
Dravo for the U. 8. Army Transportation 
Corps during World War II. A number of 
these cranes were built for both the Army 
and the Navy while additional units were 
constructed by other companies to the 
Dravo design. 

Capable of lifting loads as large as fully 
assembled railroad locomotives, some of 
the 100-tonners performed vital material 
handling jobs for American invasion forces 
in both the European and Pacific theaters. 

Perhaps the most famous of the cranes 
was the one towed across the Atlantic 
Ocean to newly captured Cherbourg. 
Within 24 hr. after arrival, the unit was in 
service to help break an unloading bottle- 
neck created by the almost complete demo- 
lition of permanent wharf facilities. For 
this outstanding job, the crane was ‘‘cited 
for meritorious performance” by the 
Army. 

The new contract covers complete fabri- 
cation and assembly of both hulls and 
eranes which will be of all-welded con- 
struction. Operation will be Diesel-elec- 
tric. Considerable engineering is con- 
templated by Dravo to bring the designs 
up to the most modern standards. 


On Call 


The circular letter reproduced below was 
furnished to the Socrery through the 
courtesy of Martin Friedmann, Jr., a 
welding contractor of Norfolk, Virginia. 


Feb. 6, 1951 
Office of Civilian Defense 
304 City Hall Bldg. 


You are familiar with the program now 
under way for organizing the Civilian De- 
fense of Norfolk. The plans being made 
are to go in effect in case of disaster aris- 
ing from enemy action, and the coopera- 
tion of all citizens is needed. 

One of the most terrifying as well as 
paralyzing conditions that can arise from a 
bombing is the elimination of electric 
power either over the entire City or over 
portions of it, thereby placing the City in 
darkness. As an owner and operator of an 
electric welder, you can be of aid in placing 
your equipment and operators at the serv- 
ice of the Community for the purpose of 
furnishing temporary emergency lighting. 
It is, of course, understood that you will 
not be called upon for your equipment ex- 
cept in the case of emergency situations, 
should they arise. 

This letter is being sent to all of the 
known owners of this type of equipment in 
the City of Nerfolk, and I am attaching in 
duplicate a form which it is hoped you will 
fill in completely for the equipment which 
you own and return one copy in the self- 
addressed envelope enclosed. In addition 
to the equipment listing as shown in the 
tabulation, I would appreciate your show- 
ing the names, addresses and telephone 
numbers of those in your organization 
competent to operate this equipment. 
After these forms have been received in 
this office, they will be tabulated; and 
you will hear further from us in regard to 
the general planning of the work, and the 
distribution of equipment by areas within 
the City. 
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MIXER PARTS 


... tough base metal withstands SHOCK 
: ... hard-faced surfaces resist ABRASION and CORROSION 


Here is another example of how hard-facing 
eliminates the need for a compromise when both 
hardness and toughness are needed for a particular 
part. This rotor and stator for a homogenizing 
machine are made from a tough base metal—Ty pe 
303 stainless steel. The bearing surfaces of the two 
parts are hard-faced with Haynes STELLITE cobalt- 
base alloy. The parts are tough enough to stand 
up under the shock of pulverizing operations at 
high speeds... and yet the working surfaces are 
hard enough to resist the abrasive and corrosive 
effects of the materials being mixed. 

For two years, no machine equipped with hard- 
faced parts has been returned or serviced because 
of rotor or stator failure. The heat-treated parts 
formerly used on these machines failed after only a 


year’s service. The heat-treatment affected the 


corrosion resistance of the metal and also made 
the blades on the rotor too brittle. 

For the whole story on hard-facing, including 
detailed procedures for applying various Haynes 
alloys to wearing surfaces, write for the new 40-page 
booklet, “Haynes Alloys—Hard-Facing Manual.” 


Hard-facing doubles the life of these mixing- 
machine parts. In operation, they run with very 
close clearance at speeds of at least 3600 revolu- 
tions per minute. The clearance between the 
hard-faced bearing surfaces is filled in with the 
abrasive mixture. 


H | | NES Haynes Stellite Company 
A Division of 
Union Carbide and Carbon Corporation 


General Offices and Works, Kokomo, indiana 


Sales Offices 
Chicage — Cleveland — Detroit — Houston 
les Angeles—New York —San Francisco— 


TRADE-MARK 


“Haynes” and “Haynes Stellite” are trade-marks of Union Carbide and 
Carbon Corporation, 
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4201 West Peterson Ave. Chicago 30, Illinois 


REGOLATOR 


The precision performance of 
the two-stage RegOlator is 
especially desirable for piped 
distribution systems and other 
applications where large vol- 
umes of high pressure gases 
must be controlled accurately. 


Two-Stage RegOlator Gives 
You Plus Performance! 


Constant delivery pressure 
regardless of drop in pressure 
at the inlet...Patented design 
incorporates nozzle-type first 
Stage counterbalanced by 
stem-type second stage... 
Triple action cartridge filter 
eliminates troubles usually 
caused by rust, dust or dirt. 
Listed by Underwriters’ Lab- 
oratories, Inc. and Factory 
Mutual. 


Write for complete informa- 
tion. 


"Reg. U. S. Pat. Of. 


PIONEER AND LEADER IN THE DESIGN 

AND MANUFACTURE OF PRECISION 

EQUIPMENT FOR USING AND CONTROL- 
\LING HIGH PRESSURE GASES 


News of the Industry 


Thanking you in advance for your co- 
operation, I am 


Very sincerely yours, 
G. W. SHormaker 
Assistant Engineer 


Radiographic Laboratory 


After converting an abandoned gar- 
age into a modern gamma-ray radiographic 
laboratory, scientists at Armour Research 
Foundation of Illinois Institute of Tech- 
nology can take x-ray pictures through 8 
in. of solid steel. 

A radioactive source shielded by 16-30 
in. of concrete emits 65 billion gamma rays 
per second and has a penetration power 
similar to 1.8 gm. of radium which sells for 
about $20,000 per gram. 

An equivalent amount of conventional 
x-ray equipment might cost as much as 
$100,000, Dr. Richard C. Humphreys, 
assistant chairman of the Foundation’s 
physics department, explained. 

“With this source, we can detect hidden 
flaws in metal castings, welds, soldered 
joints, and also study crystals sensitive to 
radiation,” Dr. Humphreys said. 

Technically termed cobalt 60, the radia- 
tion source enables physicists to make 
shadowgrams of subject materia! on photo- 
graphic film placed between two sheets of 
lead. These exposures frequently require 
up to 48 hr., Humphreys explained. 

When not in use, the source is lowered by 
remote control into a grease pit which 
contains a lead safe with 6in. walls. In 
operation, the source is viewed with a 
periscope from behind a protective wall. 
Every precaution has been taken to pro- 
tect staff members from dangerous radio- 
active rays. 

One advantage of the smal! but powerful 
source is that it eliminates large amounts 
of equipment normally required for radio- 
graphic work and permits scientists to 
take radiographs from hard-to-reach places 
such as the inside of a curved pipe, 
Humphreys said. 

Similar equipment is finding widespread 
quality control use in industry where engi- 
neers are making deep x-ray inspections 
that were formerly impossible due to the 
amount and cost of the equipment in- 
volved. 


Hospital Cuts Cost and Noise 
by Welding 


Definite savings were effected by both 
the steel fabricator and the erector by 
welding all structural steel on the Mt. 
Sinai Hospital Addition on Fifth Ave. at 
99th St. in New York City, with the added 
advantage of unbroken quiet for the pres- 
ent hospital patients. 

Believed to be the biggest welded build- 
ing in the Metropolitan New York area, 
the project, designed by Kahn & Jacobs, 
architects, with York & Sawyer as con- 
sulting architects, will be completed this 
year, says J. R. Van Raalte, Jr., President 
of Thompson-Starrett Co., Inc., general 
contractors on the job. 

The Ingalls Iron Wks., who fabricated 
the more than 2600 tons of steel used, said 
fabrication costs were cut because welded 
construction requires substantially less 
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Here’s why the AMSCO 
HARDFACING SYSTEM 
can save you money 


Hardfacing recommendations are as 
sound as the manufacturer who makes 
them. For a half-century, Amsco has 
specialized in fighting the high cost 
of wear—first with manganese steel 
and later with another big weapon 

. AMSCO Hardfacing Rods and 
Electrodes. 

The result is the AMSCO Hardfac- 
ing System ... where a wide range of 
Amsco Rods are selected for use ac- 
cording to a systematic appraisal of 
the equipment part and wear factors 
involved. 

Whether your particular problem is 
one of wear caused by impact, abra- 
sion, heat, corrosion—alone or in 
combination ... 


Amsco has both the research facilities and 
the yeors of on-the-job experience neces- 
sary to help you make important reductions 
in your operating costs. 


HUNDREDS OF DOLLARS PER 
MONTH IN PULVERIZING! 


An example of how the AMSCO Hardfacing System can help you fight wear profitably 


A large Pennsylvania brick company was faced with this problem: 
their pulverizer plows wore out every two weeks due to 
extreme abrasion of clay with a high silica content. An expensive 
period of down-time and replacement labor resulted. 

In trying to stop this high replacement cost, a test was made. 
Each plow was inardfaced with AMSCO Tungrod—specially 
developed by Amsco research for high resistance to abrasive wear. 


Result? The plows hardfaced with AMSCO Tungrod lasted 4 times 
as long . . . 3 out of every four replacement jobs were eliminated! 
The saving amounted to several hundred dollars each month! 


AMSCO Tungrod permits big savings—through longer 
service and fewer replacements—on many other applications. 
If you have an equipment part used in cutting or pulverizing 
non-metallic materials, the possible savings—to you—are 
too big to be overlooked! 


Write today for illustrated hardfacing catalog — and nearest distributor's name. 
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AMERICAN MANGANE: 


14th STREET + 


Oakland, Cal., Los Angeles, St. Louis. in Canada: Joliette Steel Division, Joliette, Que. 
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Fig. 1. 


Architect’s rendering of new group: 


(A) Ma- 


ternity Pavilion on Fifth Ave. facing Central Park; 
(B) Berg Institute of Research facing rag (C) Atran 


b. facing Madison 


steel, and the company, which has been 
interested in welding since the early 1920's, 
has evolved many labor- and material- 
saving fabrication methods. 

Karl Koch Erecting Co., Inc., explained 
that erection costs were lower on this 
welded construction because labor costs 
are reduced where two welders replace a 
four-man riveting team. They further 
explained that, had overhead welding 
been necessary, savings might have disap- 
peared in added charges for scaffolding and 
its attendant labor costs. 

The job consists of three buildings: a 
ten-story maternity pavilion, a seven- 
story Atran Lab., a four-story Berg Re- 
search Lab. and a vast subsurface area 
having a central kitchen, dining room, off- 
street loading facilities, and passage ways 
for personnel and materia] distribution 
among all twenty buildings of the hospital. 
Covering almost a square city block, the 
buildings will cost about $10,000,000, ac- 
cording to Alfred Rheinstein, Chairman 
of the Hospital Building Committee. 


Baltimore Welding Three Day 
“Clinic”’ Sessions 


A three-day welding clinic featuring 
demonstrations of welding techniques by 
the country’s top technicians will be held 
on April 18th, 19th and 20th at the Balti- 
more warehouse of Whitehead Metal 
Products Co., Inc. 


Organized to answer the myriad ques- 
tions asked of metals suppliers since the 
start of the defense program, the clinic 
will provide competent instruction and 
demonstration on individual welding prob- 
lems—for the welder in steel now switching 
to metals he has never handled before. 


Demonstrations will include motion 
pictures and actual welds performed by 
welding technicians on similar and dis- 
similar metals, covering the techniques of 
gas, electric, Heliarc, induction, gas and 
air, flame cutting and resistance welding. 
Thus, the visitor will be given both the 


Fig. 2. Photograph of steel being erected on Maternity Pavilion 


“alloy” and “technique” answer to his 
questions. 

Metal users with special metal-joining 
problems are invited to bring in sample 
“‘welding-problem” pieces or to mail their 
questions in advance to insure adequate 
demonstration time over the three-day 
“Clinic” period. They may address 
Whitehead Metal Products Co., Inc., 4300 
E. Monument St., Baltimore, Md. 


Demonstrating technicians will include 
representatives from Aluminum Company 
of America, The American Brass Co., 
Handy & Harman, Induction Heating 
Co., The International Nickel @o., Inc., 
Lukens Steel Co. and American Brake 
Shoe Co. 

Admission to the Welding Show is open 
to metal users, their representatives and 
employees, engineers and engineering stu- 
dents from 12 Noon to 9 P.M., Wednes- 
day, Thursday and Friday, April 18th, 
19th and 20th, at the Whitehead Balti- 
more Headquarters. 


Welding Research Engineer to develop re- 
search program on welding problems for ma- 
jor petroleum refiner, location Chicago. Re- 
quire graduate metallurgist, preferably with 


‘be treated in confidence. 


advanced degree, with extensive experience 
in welding research. Age 28-40. 
give full details of training, experience and 
salary requirements in reply. Ali inquiries will 
Box V-254. 


Buy “PROVEN FLUXES” 
Years of GUARANTEED SATISFACTION 


No. 4 
Please 


“ANTI-BORAX” FLUXES 


Insist on them — Unequalled Quality 
No.1 Cast lron Welding Flux 
No. 2 Brazing Flux for Brass, Bronz 
2-Cast Flux for Bronze Welding Cast Iron 
No. ba8 & 8 Cast & Sheet Aluminum Fluxes 


No. 16 


ANTI-BORAX CO., INC. 
Fort Wayne, Ind. 


behind these GOOD 


Steel, etc. 


Stainless Steel Flux 
Compound 


Paste Flux 
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Welding Electrode 


The development of a new welding elec- 
trode, the DH-4, is announced by Har- 
nischfeger Corp., Milwaukee, Wis. 

Features of this heavily coated electrode 
are time-saving penetration and solid fu- 
sion. In making a weld, it leaves a neg- 
ligible deposit of the weld metal so that 
the fusion consists mainly of the parent 
metal. This gives the weld a stronger, 
more uniform eharacter. 

Some of the applications of this a.-c. and 

d.-c. electrode are: quick, inexpensive 
welding of extremely heavy sections . . 
fast, easy making of horizontal fillet 
welds . . . getting best results on a vertical 
down weld . . . gouging removal of cracked 
and faulty welds . . . safe cutting of stain- 
less steel, mild steel, manganese, bronze, 
aluminum and cast iron. 
This electrode is produced in three sizes, 
sin. for use at 300 amp., °/s: in. for use at 
400 amp., and */,. in. for use at 450 to 500 
amp. 

Complete information on the new DH-4 
Electrode is available from Harnischfeger 
Corp., Welding Div., Milwaukee 14, Wis 


Motorized Torch Holder 


\ motorized torch holder for remote 
control raising and lowering of cutting 
torches mounted on oxyacetylene cutting 
machines has been announced by Air Re- 
duction Sales Co., a division of Air Reduc- 
tion Co., Ine. 

The device, which is designed for mount- 
ing on the 3-in. square torch bar of an Airco 
Oxygraph or Travograph, raises or lowers 
the cutting torch through 5 in. of travel. 
‘The remote control switch box mounted on 
the torch bar at the operator's control sta- 
tion provides a switch to actuate each of 
four torches individually and a master 
switch for simultaneous control of all four 
torches. Another control box is added 
for each four additional torches employed 
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The motorized torch holder can be po- 
sitioned vertically, 90° left or right parallel 
to the longitudinal axis of the torch bar, 
and with an adaptor can be positioned 90° 
forward perpendicular to the horizontal 
axis of the torch bar 

Both motorized torch holder and remote 
control switch box can be placed at the 
location most convenient to the operation 
being performed 

For further information about this new 
Motorized Torch Holder, write to the 
Airco Sales office nearest you or Air Reduc- 
tion, 60 E. 42nd St., New York 17, N. Y 


Gas Welding Rod 


A new cast-iron gas welding and brazing 
rod employing less of the critical materials 
and that can be substituted for the now 
hard-to-get nickel-base welding alloys has 
just been announced by Bent Laune, 
President, All-State Welding Alloys Co., 
Inc., 273 Ferris Ave., White Plains, N. Y. 

The new rod is identified as All-State 
No. 3 Cast Iron (copper-coated) Welding 
and Brazing Rod. It is recommended as 
general purpose for both salvage and pro- 
duction, including repairing breaks and 
cracks, filling blow holes and building up 
worn surfaces. 

By comparison with other cast-iron rods 
No. 3 flows out better, makes a denser de- 
posit and is more easily machined. Its 
copper coating prevents rusting and also 
enhances flow characteristics. Tensile 
strength is up to 48,000 psi. Brinell 
hardness: 170-200. It is color-matching 
and has a working temperature of 1400- 
1500° F. 

It is applied with All-State No. 1 Cast 
Iron Flux and a neutral oxyacetylene 
flame. It does not require melting base 
metal or “puddling the weld.” Large 
castings should be entirely preheated to 
approximately 800° F. 


4 Combination Shipping and 
Storage Container for Cobalt 60 


The container shown comes in two sizes: 
the 9-in. Co® container and the 12-in. Co*® 
box. In one case the solid lead ball has a 
9 in. diameter while the other one is 12 in. 
The 9-in. lead ball is mounted inside a 12- 
x 13- x 13-wooden box and the 12-in. ball 
is housed inside a box 20 x 20 x 20 in. high. 
The weight of the smaller box is about 200 
Ib. whereas the 12-in. one weighs over 300 
Ib. 

The cavity in the center of either ball is 
just large enough to hold the hexagonal 
aluminum capsule, size '/, x */, in. long. 
A solid lead plug closes the cavity tightly. 
Its top overlaps thoroughly as can be seen 
in the illustration. A pair of tongs are 
furnished to handle the plug. 


New Products 


When the box is mounted on a 36-in. 
high trolley, it may be brought close to the 
radiographic setup and only a minimum of 
handling of the capsule which contains the 
Cobalt 60 is necessary. All Co*® sources 
up to about 1 gm. of radium equivalent 
have a focal spot size '/s x '/s in., thus 
assuring good radiographic results. 


D.-C. Welder 


Here is a d.-c. welder with a. c. advant- 
ages. It is the new Miller Selenium Recti- 
fier Type D.C. Arc Welder. Made in 
two models—40 to 250 amp. and 60 to 375 
amp., it has the highest efficiency and 
maximum performance requiring mini- 
mum of maintenance because of these dis- 
tinctive features: exclusive arc start 
surge; exclusive electric current control 
makes possible remote control operation; 
no moving parts to wear out and cause 
noise; no replacement stock, such as 


brushes, bearings, etc.; instantaneous J 
voltage recovery produces greater arc§ 
flexibility 


does not require high starting § 
current; very quiet in operation; lessq 
are blow than standard d.-c. welders, no¥ 
accidental polarity reversal 

Compact design, this welder requires} 
less floor space than most types of d.-c.% 
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*T. M. of The B. B. Co., Chicago 
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ae Rego KX Hand Cutting Torches and 5 
Cut-O-Matic and RS Cutting Machines 
production at Welded Steel | 
a structural steel fabricators at Coates 
NCG's pipe-line system, fed portable 4 ‘ 


ae 


a For the past 15 years NCG gases and Rego flame-cutting and 
welding apparotus have been used in the plant maintenance pro- 
gram of Standard Steel Spring Co., Coraopolis, Pa., manufacturers 
of automobile springs and bumpers. in the picture above the main- 
tenance crew is seen at work at Standard's No. 2 plant at Cora- 
opolis. Standord has other plants at New Castle, Pa.; Newton 
Falls, Ohio; Allegan, Mich.; and Gary and Logansport, Indiana. 


id You, too, can save hours 
and dollars with efficient, ) 
| dependable REGO apparatu 


Accuracy has long been an outstanding character- 
istic of Rego Oxy-Acetylene Cutting and Welding 


Apparatus—and when you couple accuracy with { 
efficiency, dependability and economy—you havea 
® combination that can’t be beat... Why don’t you 


see if thoroughbred Rego equipment doesn’t hel 
EVERYTHING FOR WELDING of 


you save gas, do better work, speed production— 


as it has for thousands of others? Rego is a pioneer 
NCG is recognized as one of the largest organizations of its kind 
in the world. It operates 73 manufacturing plants within the line, tested by time, backed by 30 years of leadership! 
United States, offers supply and service by a vast network of 
hundreds of ovthorized NCG dealers and warehouses. For assured 


| satisfaction in your welding and cutting needs... NATIONAL CYLINDER GAS COMPANY 
| Executive Offices: 

RELY ON NCG 858 W. Michigan Avenue, Chicago 11, Illinois 


Copr. 1951 National Cylinder Gas Co. 


help of 
LOCAL ALCOA DISTRIBUTORS 


For group instruction in brazing or welding alumi- 

num, there’s nothing like Alcoa’s technical library 
... 4 how-to-do-it motion pictures plus a 186-page 
book. Ask your Alcoa Distributor about them. 
You'll find him listed under “aluminum” in your 
classified phone book. 


Or write ALUMINUM COMPANY OF AMERICA, 
1944D Gulf Bldg., Pittsburgh 19, Pennsylvania. 


Aluminum can be welded on 
automatic machines. Ask your 
distributor about a similar set- 
up for your product. 


ALCOA FIRST IN ALUMINUM 
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welders of comparable capacity. Lifting 
hooks are provided on the side of the 
welder so that it can easily be handled with 
an overhead hoist. Amperage indicator is 
located on the front of the welder for visi- 
bility by the operator from a distance with- 
out his having to return to the welder to 
check the setting. Standard input power 
requirement is 220-440-v., 3-phase, 60- 
cycle, a.-c. current. The knob type cur- 
rent control and “off and on” switch is lo- 
cated on the front panel. Remote cur- 
rent control can easily be installed. In 
applications where it is required, these 
welders can be used effectively for inert- 
gas welding processes. Units can be par- 
alleled for high current application. Manu- 
factured by Miller Electric Mfg. Co., Ap- 
pleton, Wis. 


Hard Facing Rod 


The Alloy Rods Co., York, Pa., has re- 
cently announced the production of a new 
oxyacetylene welding rod for hard facing 
against medium impact and high abrasion. 

The new welding rod is known as Wear- 
Flame “40.” It is a centrifugally cast 
hard-facing rod consisting of highly wear- 
resistant chromium carbides contained in 
a hard iron chromium, manganese alloy 
matrix, 

Wear-Flame “40” overlays offer a high 
resistance to wear on parts subjected to 
medium impact and compression. Hard- 
ness is retained at relatively high tempera- 
tures. Hardness of deposited metal is 56- 
58 Rockwell “C.” Sizes are available in 
'/,in. diameter by random lengths; to 
3/,in. diameters in 14-in. lengths. 

For complete information write Alloy 
Rods Co., 6205 W. Market St., York, Pa. 


Portable Spot Welder 


Illustrated in four convenient suspended 
positions showing the ease with which in- 
experienced operators can use it, is the new 
Miller 10-kva. and 20-kva. portable “spot” 
welder, equipped with ball bearing suspen- 
sion ring. It is low in cost compared to 
the conventional gun-type “spot’’ welder, 
even though equipped with suspension 
ring, low enough so that it can be used by 
even the smallest sheet metal shop or man- 
ufactunng plant. It weighs approxi- 
mately 80 Ib. Manufactured by Miller 
Electric Mfg. Co., Appleton, Wis. 
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' to give you expert brazing service 


Bridgeport, Conn. 


AprRIL 1951 


This new 28-page Bulletin 20 gives the whole remarkable 
EASY-FLO and SIL-FOS brazing story — including useful 
information on joint design and fast heating and produc- 
tion methods. It’s a “must” for all who design or produce 
metal assemblies. Write for a copy today. 


HANDY & HARMAN 


82 FULTON STREET - NEW YORK 38, N. Y. 


Chicago, * tes Angeles, Col. * Providence, R.{. * Toronto, Canada 


He’s the Handy & Harman field service engineer. You'll like him 
because he really knows his stuff. He was hand-picked and specially 
trained for the job. He is a friendly chap with a wide background 
of experience that covers both domestic and war time production. 
He loves to take off his coat and get his hands dirty — and he’s an 
artist with a torch. Give him a brazing problem and he’s a bulldog 
— he'll never let go until it’s licked. And if it’s too tough to lick 
on the spot, he’s backed by the top-ranking and most experienced 
Research and Engineering staffs in the business — originators of 
the well known low-temperature silver brazing alloys EASY-FLO 
and SIL-FOS. He’s ready and eager to give you the following 
services — without cost or obligation. 


Agants in Principal Cities 
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Inert Are Welding of Air- 
Conditioning Units 


Costs of fabricating air-conditioning 
units have been sharply reduced at Evans- 
ville Sheet Metal Wks., Evansville, Ind. 
This has been accomplished through the 
use of Heliare welding. The units are 
made of 14-gage galvanized steel. For 
the inside seams, no filler rod is used. 


Fig.1 Galvanized steel is being welded 
with a Heliarc torchin the fabrication 
of air-conditioning equipment. Re- 
sults: lowered grinding costs and 
neater appearance of the job 


Advantages resulting from introduction 
of Heliare welding are several fold: (1) in- 
creased speed of welding; (2) reduction of 
grinding costs by 75%; (3) decreased loss 
of zinc; (4) reduction of warpage prob- 
lems; and (5) much neater appearance of 
the finished weld. Heliare welding equip- 


Fig. 2 Here is a close-up of exterior 
seams after Heliare welding of galva- 
nized steel 


ucts Co. a Division of Union Carbide and 
Carbon Corp. 


Largest Steelweld Press 


Just completed is a Model RS6'/,-14 
Steelweld Press, which is the largest to 
date built by The Cleveland Crane & En- 
neering Co., Wickliffe, Ohio. Made for 
shipyard service, it is so big that it could 
not be shipped in one piece, as is custom- 
ary. Railroad clearance limitations made 
it necessary to provide a detachable bed 
which is secured to the machine by resting 
on saddles at each end and bolting. 

The press will bend mild plate up to 20 


Largest Steel Press 


between the end housings. It has a 6'/- 
in. stroke and an 18-in. throat depth, which 
is standard for all Steelweld presses. Its 
over-all dimensions are: length 20 ft., 
depth 11 ft., height 18 ft. The bed ex- 
tends 3 ft. 8 in. below the floor. 

The machine is operated by an electric 
air valve controlled by a foot switch, 
which may be moved on the floor as con- 
venience dictates, or by either a foot 
treadle or hand-operated lever placed on a 
cross shaft on front which extends nearly 
the entire length of the press. 

Speeds of either 7 or 21 strokes per min- 
ute are obtainable by a gear shifter. 


Motorized Torch Holder 


Airco Motorized Torch Holder 


ment is marketed by The Linde Air Prod- New 


ft. by '/, in. It can handle 14-ft. sheets 


sors,fuose CHAMPION C-30 
ELECTRODES SAVE PLENTY ON DOWN-TIME. 
LOTS OF REPAIRS CAN BE MADE WITHOUT 
DISMANTLING — AND THE WEAR WE GET 

FROM BUILT-UP PARTS BEATS ANYTHING 
WEVE EVER TRIED| 
SS 

115 NO LONGER A PROBLEM 10 WELD 
PULLEYS OR SHEAVES AND OBTAIN MUCH 
LONGER SERVE LIFE WHEN WE USE 


CHAMPION C-30 

ELECTRODES... THE WELD DEPOSIT 1S TOUGH... 

POROSITY-FREE AND MACHINES FAR GETTER 
THAN A MILD STEEL WELD | 


ARE IDEAL FOR 
>>. BUILDING UP SHAFTS 
AL AND OTHER MOVING 
CONVEYOR PARTS ,. 


G30 ELECTRODES 


THE CHAMPION RIVET CO. 
CLEVELAND, OHIO East ind. 
for descrptive silerature 
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Radiographs showing welds in gas tanks, Lower radiograph shows acceptable tank weld. 


"These radiographs show the welds in propane 
gas tanks. The upper discloses a lack of fusion 
and heavy gas porosities. Out of a lot of several 
hundred tanks, Radiography showed a dozen 
to be hazardous—twelve potential accidents 
that were prevented. 

Because Radiography can prove the sound- 
ness of welds it is opening new fields to welders 
in manufacturing pressure vessels and in other 


Radiography... 


another important function of photography 


applications where welding was once barred, it 
is now an accepted procedure. 

This is why Radiography can help you build 
your business as well as earn a reputation for 
highly satisfactory work. 

If you would like to know more about what 
it can do for you in your own work, discuss it 
fully with your x-ray dealer. 

EASTMAN KODAK COMPANY 
X-ray Division 
Rochester 4, New York 
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teams up with the electronic tracing device 
to provide complete control from the 
operator’s station and increase efficiency. 
While the electronic tracing device unerr- 
ingly follows the template, reproducing 
three shapes simultaneously in the '/,-in. 
steel plate, the operator is free to main- 
tain the proper distance between cutting 
tip and steel by means of the motorized 
torch holder remote control switches 
mounted on the torch bar. A switch is 
provided to raise or lower each torch indi- 
vidually, and a master switch provides 
simultaneous control of all four torches. 

This installation on an Airco No. 40 
Travograph at the Chicago warehouse of 
the United States Steel Supply Co. is the 
first unit in commercial operation. 


Plier-Type Toggle Clamp 


A light, compact new portable plier- 
type toggle clamp, ““De-Sta-Co” No. 4:14, 
is announced by Detroit Stamping Go. 


Take the case of the 2,000,000- 
gallon water tank erect 

the Pittsburgh-Des Moines 
Steel oo at Niagara Falls, 
New York. A battery of D-C 
Rectifier Welders fed by one 
large diesel generator replaced 
a number of diesel-driven weld- 
ing generators formerly used. 


Maintenance was reduced 
85° >—weight was slashed by 
15,000 pounds—initial cost 
was cut 50% —fuel savings 
totaled $8.70 a day! 


For your welding application 
—large or small—call your 


Electric Corporation, Welding 
Division, Buffalo, New York. ; 
J-21605 


The new fast-acting clamp is particu- 
larly suitable for aircraft assembly, sheet 
metal and body work, and for holding 
metal, wood or plastic parts during mach- 
ining, welding and cementing operations. 
Provides positive holding pressure with a 
firm toggle locking action. Light weight, 
only 5 oz., makes it ideal for one-hand use, 
while extreme compactness (over-all length 
4'/, in.) allows use in restricted working 
area. Handles and jaws are forged high- 
alloy steel, bearing pins long-wearing 
stainless steel. Descriptive bulletin avail- 
able from Detroit Stamping Co., 322 Mid- 
land Ave., Detroit 3, Mich. 


Flash-Butt Welder 


This sturdily built and compact flash- 
butt welder announced by Sciaky Bros., 
Chicago, welds simultaneously both ends 
of a tubular chair rung to the tubular 
legs of metal chairs. The simplicity of 
this equipment assures that even with 
relatively unskilled operators consistently 
high quality welds can be obtained and be- 
cause the tubes are butt-welded together, 
no extra material is required. 


Designated as a BMFU-75 this pneu- 
matically operated electrical resistance 
flashbutt welding machine is rated at 75 
kva. and is wired for operation on 220 or 440 
v., single-phase, 60-cycle power supply. 

Two vertical pneumatic clamps are used 
for holding the tubular rung in the lower 
dies. “Flashing” and “Upsetting” are 
automatically accomplished by an air cyl- 
inder actuating gear and rack mechanism 
interconnecting the right and left platens. 


vou can SURE... irs 

nearest Westinghouse Repre- 

sentative orwriteWestinghouse _ ‘Westinghouse 
- 


- place im position and securely hold together structural 
sed in many welded structures they eliminate all hole punch- 
ducing an ical, rigid, safe and quickly erected struc- 


taining full engineering design 
structures.” 
J. H. Williams & Company 
Buffaio 7, New York 
G. D. Peters Company 
Montreal 2, Canada 
Canadian Representative 
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Today / yes sir 
J When you need welding supplies in a hurry—contoct 
BURDOX. Complete stocks of industrial gases, welding 
equipment and safety equipment are carried to meet 


emergency requirements. One call delivers all your needs. 


tHe BURDETT oxyGen COMPANY 
3333 LAKESIDE AVENUE CLEVELAND 14, OHIO 
Branches in Akron, Cincinnati, Columbus, Dayton, 
Mansfield, Ohio and in Los Angeles, California. 
Welding & Cutting Equipt. & Machines 
Industrial Gases * Goggles & Helmets 
Soldering & Brazing Outfits * Hose & 
Cable * Rod & Fluxes * Cylinder Trucks 
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Machine Design Sheets are available to designers and engineers. Simply write on your letterhead to Dept. 94 


THE LINCOLN ELECTRIC COMPANY 


CLEVELAND 1, OHIO 
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prepared by V. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commigsioner of Patents, Washington 10, D. C. 


Timer ror WELD- 
1nG Macnines—Oliver J. Schommer, 
Melrose Park, Ill., assignor, by direct 
and mesne assignments, to C. Earl 
Hovey, Kansas City, Mo., as trustee. 
This patent covers a specialized elec- 
trical control system for a welding circuit 
adapted to open such welding circuit after 
it has been closed a predetermined period 
of time. An electric control tube and an 
electric timing valve are used in this 
special circuit as well as other connecting 
control means. 


2,538,882—Wetpep Pires 

E. Schonberg, Indianapolis, Ind., as- 

signor to The Lind» Air Products Co., a 

corporation of Ohio. 

This patent relates to a welded metal 
storage container for fluids under pressure. 
The container has curvilinear side walls 
welded along a girth seam and the metal 
in the zone of the weld has been upset to 
form an external annular ridge along the 
zone of the weld and providing a perma- 
nent circumferential reinforcement for the 
container. The ridge extends to a level 
not substantially beyond the outer surface 
level of the walls of the container at points 
remote from the zone of the weld so that 
this external ridge is not exposed more 
than the remaining portion of the con- 
tainer. 


2,538,916—Gas Torcu—Jacob P. Ru- 
dolph, North Arlington, N.J., assignor 
to Air Reduction Company, Incorpo- 
rated, a corporation of New Jersey. 
Rudolph’s gas torch includes a tip 
having a conical end portion provided 
with an encircling groove, a torch head is 
also provided and the tip can be clamped 
to the head to form an annular gas cham- 
ber from the groove in the tip. At least 
one jet passage in the tip communicates 
with this annular gas chamber and other 
means supply gas to such gas chamber. 


2,539,208—Fiame Controt Device— 
Mortimer A. Schultz and George W. 
Nagel, Pittsburgh, Pa., assignors to 
Westinghouse Electric Corp., East 
Pittsburgh, Pa., a corporation of Penn- 
sylvania. 
This patent covers a specialized control 

circuit that may be used in combination 

witb flame-producing apparatus. 


R. Wirt, 
Anderson, Ind., assignor to General 
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Motors Corp., Detroit, Mich., a cor- 

poration of Delaware. 

This welding electrode comprises a first 
member provided with a spherical socket 
and a second member provided with a 
spherical part. Additional means are pro- 
vided to maintain the members in loosely 
assembled relation with the second mem- 
ber having limited rotation relative to the 
first member. 


2,540,204—Arc ELEecTRODE 

Ho.tper—Claude J. Holslag, South 

Orange, N. J., assignor to Electric Arc, 

Inc., Newark, N.J. 

Holslag’s patent covers the combination 
with an electrode bolder of an electric-arc 
welding tool with a chipping hammer. 
The chipping hammer is positioned in 
electrically insulated relation to the 
holder, and the chipping tool can be set at 
any desired angle with respect to the 
electrode holder. 


2,540,811—Inert - Gas - Arc WELDING 

E.ecrrope—James D. Cobine, Sche- 

nectady, N. Y., assignor to General 

Electric Co., a corporation of New 

York. 

This patent relates to a nonconsumable 
inert-gas-arc welding electrode of tungsten. 
This tungsten electrode has a core of ma- 
terial selected from the group of materials 
consisting of thoria, ceria and cesium oxide 
to form a stable cathode spot in its arcing 
terminal. 


2,540,837 and 2,540,838 —We.piING 
ContTroL System— 
Henry W. Snyder, West Allis, Wis., as- 
signor to Allis-Chalmers Mfg. Co., 
Milwaukee, Wis., a corporation of 
Delaware. 

Snyder’s patents relate to a control 
system for a welding transformer wherein a 
primary winding is provided for connection 
to a source of alternating current and a 
secondary winding is present and has a 
normal open circuit voltage of dangerously 
high value. Such secondary winding is 
connected to a welding circuit through 
impedance means. A switch is provided 
for connecting the primary winding with 
the power source and transformer means 
connect the secondary winding with the 
source for impressing on the secondary 
winding a voltage of safe value below the 
normal open-circuit voltage thereof. 
Means responsive to the voltage drop in 
the impedance means operate upon short 


Current Welding Patents 


circuiting of the welding circuit for dis- 
connecting the secondary winding from 
the transformer means and causing closure 
of the switch. 


2,542,093—Avutomatic Srup WELDER 
with INTEGRAL TRANSFORMER—Reidar 

P. C. Rasmusen, Akron, Ohio, assignor 

to The Babcock & Wilcox Co., Rock- 

leigh, N. J., a corporation of New 

Jersey. 

This patent relates to a resistance- 
welding mechanism for securing metallic 
studs to a metallic member and includes 
a base on which the metallic member is 
supported and slide means are mounted on 
the base for movement toward and away 
from the positioned metallic member. 
resistance-welding transformer is 
mounted on the base and it has a single 
open turn secondary winding mounted on 
the slide means. Extra means are pro- 
vided for mounting a pair of studs on the 
open ends of the secondary winding of the 
transformer, and other means operate to 
move the slide means relative to the metal- 
lic member to engage a pair of studs there- 
with. 


2,542,393—ApparRatus FoR WELDING— 

Edward Corbin Chapman, Lookout 

Mountain, Tenn., assignor to Combus- 

tion Engineering-Superheater, Inc., a 

corporation of Delaware. 

This patent relates to apparatus for 
butt welding the ends of metal tubes and 
includes means for holding the tube ends in 
aligned relation. An induction-heating 
conductor concentrically encircles the ex- 
treme edge portions of the aligned tube 
ends and inductively heats said edge por- 
tions. Other means are provided for 
pressing the thus heated tube-ends to- 
gether and a housing encloses the induc- 
tion heating conductor. These tube-ends 
have plug-like baffles inserted therein to 
block substantial escape of gas there- 
through, and nonoxidizing gas is admitted 
into the housing to fill the tube-end space 
between the baffles and completely bathe 
the tube-end metal during the welding 
operation. 


2,542,473—Curtina Torcn Hoitper— 
Louis K. Bullman and Shirl Underwood, 
Norfolk, Va. 
A cutting torch holder that is adapted to 
slide on the surface of the work is covered 
by the patent and it includes a pair of 
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transversely spaced runners for engaging 
the surface of the work while a cradle is 
disposed above and between the runners. 
This cradle has a hole portion for receiving 
the torch tip while the spaced runners have 
lateral surfaces for guiding engagement 
with a template plate to describe ares of a 
circle of constant radius about the axis of 
the hole in the cradle. The cradle is ver- 
tically and angularly adjustable on its 
supporting means, and an adaptor nut. is 
provided for coupling the torch tip and 


2,542,851—We.pine TRANsFoRMER—Ed- 
ward C. Wentz, Sharpsville, and Fred 

L. W. Norton, Sharon, Pa., assignors to 

Westinghouse Electric Corp., East 

Pittsburgh, Pa., a corporation of Penn- 

sylvania. 

This patent covers a special welding 
transformer that has a magnetic core 
structure with two vertically positioned 
rectangular core windows and a winding 
leg positioned between them. A pair of 
concentric rectangular primary coils are 


from the top to the bottom of the windows 
while a two-turn secondary coil extends 
substantially from the top to the bottom 
of the windows and is positioned between 
the pair of primary coils. Water-jackets 
are made integral with the end portions 
only of the secondary coil to form water 
chambers extended substantially over the 
entire area of one side of the end portions 
of the secondary coil and other means cir- 
culate cooling water through these water- 


torch to the torch holder. 


spaced apart and 


extend substantially 


chambers to cool the secondary coil. 
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ANTHONY WAYNE 
Davis, Don F. (B) 
ARIZONA 

Moore, J. Paul (C) 
BOSTON 


Davis, Phillips C. (C) 
Jacob, F. B. (C) 
Jones, Richard W. (C) 


Vredenburgh, Raymond T., Jr. 


(C) 
CHATTANOOGA 
Koch, James W. (B) 
CHICAGO 
Hofert, W. M., Jr. (B) 
Peterson, Paul H. (C) 
CLEVELAND 
Alberts, Charles J. (C) 
Burke, D. J. (C) 

Durr, W: ayne E. (C) 
Kish, Steve (C) 

Persons, W. R., Jr. (B) 
Steckel, Alex R. (C) 
Yeager, John J. (C) 
COLORADO 

Young, William H. (C) 
DALLAS 

Bartholomew, David (D) 
DAYTON 

Heckman, Adolph A. (B) 
DETROIT 

Baker, H. H. (B) 
Ronrig, Charles (B) 
HOUSTON 


Baker, Homer C. (C) 
Bludworth, Dannie (B) 
Harkness, W. B. (C) 
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Key, Howard E. (C) 
Koch, Joseph L. (B) 
Newman, Ernest O. (C) 
Williams, Barney B. (C) 


INDIANA 


Ferguson, William W., Jr. (C) 


Snapp, Emons (B) 
KANSAS CITY 


Hotchkiss, Edgar M. (B) 
Howard, Robert T. (B) 


LONG BEACH 


Boehlert, Albert H. (C) 
Dillinger, L. (C) 

Drees, Matthew F. (B) 
McCormick, James R. (C) 
Redding Carlos E. (C) 


LOS ANGELES 


Brolaski, George R. (C) 
Gowing, J. C. (C) 
Mitchell, James L. (C) 
Welty, P. H. (C) 
MARYLAND 

Broski, Chester (C) 
NEW JERSEY 
Cardini, Norman E. (C) 
NEW ORLEANS 
Smith, Robert E. (A) 
NEW YORK 

Biers, Howard (B) 
Crotty, Michael C. (C) 
Danaczko, George P. (C) 
Davis, Edward L. (C) 
Flynn, Bernard F. (C) 
Gertzon, Nils (B) 
Halvorsen, Earl A. (C) 
Hubbard, Warren F. (C) 
Jensen, O. (C) 

Johnson, Roger W. (C) 
Jones, Klemme M. (B) 
King, Anthony J. (C) 


List of New 


Matthews, Lewis G. (B) 
Pollock, Sydney (C) 
Shepard, William A. (C) 
Smith, Richard D. (C) 
West, Walter (C) 


NIAGARA FRONTIER 
Kort, Ellsworth A. (C) 
NORTHWEST 


Belz, Herman E. (B) 
Wodtke, Clarence H. (B) 


PEORIA 
Phillips, Alvin G. (C) 
PHILADELPHIA 


Bailey, Cecil (B) 

Brown, James A. (B) 
Freeze, C. Louis (B) 
Hopper, Clarence H. (C) 
Klein, Alfred W. (C) 
Laws, Robert B. (B) 
Mecklem, Norman J. (C) 
Panczner, Erwin H. (B) 
Sossin, Sydney (B) 
Young, Albert C. (B) 


PITTSBURGH 


Lovejoy, Ralph F. (C) 
Lynch, G. Richard (B) 
Wandrisco, J. M. (B) 

Wilson, James M. (B) 


PORTLAND 
Thomas, Phillip L. (C) 
PUGET SOUND 


Colagrossi, Mike (C) 
Hamilton, L. A. (B) 
Johnson, Clarence (C) 
McLean, Herb E. (C) 
Ryan, John D. (C) 


ROCHESTER 


Carney, Thomas E. (C) 
Gregg, Arthur T. (C) 
Kauffmann, Matthew (B) 


Members 


Young, Gerard H. (B) 


SAGINAW VALLEY 
Carolan, Keith M. (C) 
Reynolds, Tort (C) 
SALT LAKE CITY 
Coray, J. Edward (C) 
Wellard, R. D. (B 

ST. LOUIS 

Baum, Albert H. (B) 
Johnson, C. 8., Jr. (B) 
SAN FRANCISCO 


Ellis F. (B) 
Gray, L eonard R. (B) 
Knipper, Albert E. (D) 


SYRACUSE 

Vawter, Frank J. (B) 
TULSA 

Moore, Ted R. (C) 
WASHINGTON 
Letner, R. E. (B) 
WICHITA 


Kelly, George D. (D) 
Kemper, Jerry (B) 
WESTERN MICHIGAN 
Oom, Ben (C) 


YORK-CENTRAL PA. 
McAlpine, William J. (C) 


NOT IN SECTIONS 


Bealle, John (B) 
Covington, H. F. (C) 
Faires, Robert N (D) 
Hanson, Leland (B) 
Loring, Loring E. (D) 
Lucey, J. A. (C) 
Schroer, Harold W. (C) 
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Anthony Wayne 


The regular dinner meeting of the 
Anthony Wayne Section was held at the 
Chamber of Commerce Feb. 16, 1951. 

Prof. R. W. Lindley from Purdue Uni- 
versity, Department of General Engi- 
neering, was in charge of the meeting. It 
was called “Purdue University Night.” 
“Welding Instructions for Engineering 
Students’ was the subject for the evening. 
Prof. Lindley, Prof. Paul W. Case and 
Instructor of Welding Charles E. Martin 
(all from Purdue) talked on the setup for 
Welding Students at the University. 

Mr. Martin outlined the steps by which 
every engineering student graduating 
from Purdue is trained in the application 
of and the effects of welding. 

Prof. Case went back to the days when 
Purdue had one welding blowpipe as com- 
pared now to 32 are-welding booths, 15 
oxyacetylene stations, submerged-arc, 
atomic hydrogen, resistance, automatic and 
inert-are welding equipment. 

Students of engineering are required to 
take these courses along with foundry and 
machine shop. Each student makes a 
weld and then tests it himself, seeing and 
learning what happens to the molten 
metal created by heat. 

The entire program was very success- 
ful 

Prof. Lindley, the Misses Carol Jean 
Ernsting and Donna Jean Roebel fur- 
nished the entertainment on piano ac- 
cordians and marimba. They are tal- 
ented musicians and were well-received. 

Forty-seven members and guests at- 
tended the Buffet luncheon. 


Arizona 


The February meeting of the Arizona 
Section was held in the Aluminum Room 
of the Hotel Westward Ho on the evening 
of February 21st. For this dinner meeting 
the Section was honored to have Wayne 
Baskin of the National Production Author- 
ity speak on the rules and regulations of 
the N.P.A. Mr. Baskin spent considerable 
time explaining and telling how various 
members could obtain critical materials 
and receive assistance from the N.P.A. 
Office. 

C. B. Robinson, special representative 
of the Technical Sales Dept. of Air Reduc- 
tion Pacifie Co., was the principal speaker 
of the evening. Mr. Robinson gave a very 
interesting talk on Inert Are Welding. In 
addition to Mr. Robinson's talk on the 
Aircomatie Process, he showed a 20-min. 
film entitled “The Tool for the Job” 
which described the features and applica- 


402 


prepared by C. M. O’ Leary 


tions of the Aircomatice Process. He also 
showed some colored slides which de- 
picted the various applications of this 
process. A very interesting discussion 
period developed. 

The meeting was attended by approxi- 
mately forty-five members and guests. 


Boston 


Dinner was held in the Campus Room, 
M.LT., Cambridge, and the technical 
meeting was held in the Graduate House, 
M.L.T. on February 12th. There was an 
attendance of 94 at dinner and 112 at the 
meeting. 

An after-dinner feature was the showing 
of a stirring movie, “Our Fighting Ladies’ 
Children,” which was shown through the 
courtesy of the U. 8S. Naval Air Base at 
Squantum, Mass. 

Technical speaker was Roger J. Metzler 
of Handy & Harman. His talk “Design 
for Silver Alloy Brazing,”’ which was illus- 
trated with movies, was both interesting 
and instructive. 

As the National Officers of the A.W.S. 
had held an all-day Board meeting on this 
day, the Boston Section was pleased to 
honor the members of the Board as its 
guests at this meeting. After dinner, 
President H. W. Pierce and Secretary J. G. 
Magrath each gave very interesting talks. 


Bridgeport 


Regular dinner meeting of the Bridge- 
port Section was held on February 15th 
at the Fairway Restaurant. 

Speaker at the meeting was John H. 
Poulson, Welding Engineer for the Eutee- 
tic Welding Alloys Corp. Mr. Poulson 
presented a semitechnical talk on Current 
Welding Research and Developments. 
Mr. Poulson was assisted by 8S. James 
Stanfield and C. A. Remzi. 


Chicago 

The regular monthly dinner meeting of 
the Chicago Section for February was held 
on the 16th in the Auditorium of the 
Peoples Gas Light & Coke Co. Dinner 
was held in Burke’s Grill, with an attend- 
ance of 52. Ninety-two were present at 
the meeting. 

R. D. Holtz, Supt., Billet Dept., Wis- 
consin Steel Co., Chicago, gave a clear- 
cut, interesting address on “Conditioning 
of Steel by Scarfing.”’ 

A pre-meeting movie “Wings Over 
England and Belgium” was shown. 

Mr. Holtz did an excellent job in out- 


Section Activities 


lining what is done to steel in billet form to 
prepare it for further processing into prod- 
ucts for market. It was interesting to see 
the effort to produce steel products free of 
imperfections such as are encountered in 
the billet form. 


Cleveland 


The Cleveland Section held its fifth 
regular meeting February 14th at Hotel 
Allerton. It is the Section’s custom to 
break the heavy schedule of highly tech- 
nical meetings for a breather each Febru- 
ary. The keynote for February meetings 
is sociability, friendliness, relaxation and 
pleasure. Advantage is taken of the oc- 
casion to weld the Section’s membership 
and their ladies into a smoother function- 
ing group by fostering a closer personal 
acquaintance. 

The attendance February 14th was 120 
welders and their ladies. The spirit of 
Valentine Day guided the festivities. 
Each lady received a corsage of two baby 
orchids when she registered. She was 
then introduced to reception chairman, 
Otto Borneman, who saw to it that she, 
not her husband, was the wearer of the 
member's sunflower badge. 

After a half-hour of informality, intro- 
ductions and getting acquainted, the 
master of ceremonies, John Morrill, 
opened the meeting at 8:30 P.M. As a 
starter, John gave the ladies a pep talk, 
well-spiced with humor, on their husbands’ 
WELDING Soctery activities. 

Mr. Morrill then introduced the main 
speaker, Rev. Robert E. Slaughter, pastor 
of East Cleveland Baptist Church. ‘Bob’ 
Slaughter proved in his talk on “Preachers 
Are Funny” that they are human and 
probably endowed with a greater sense of 
humor than any other professional group 
of men. The audience learned much con- 
cerning the life of ministers. 

At the conclusion of the talk, the names 
of the prize winning ladies were drawn. 
About thirty ladies were door prize win- 
ners. The loot, wrapped in Valentine 
paper and tied with fancy ribbons, were 
those dainty things dear to the sweet 
things’ hearts. The packages contained 
such things as hostess aprons, costume 
jewelry with matching earrings, compacts 
and other dainty things. The men must 
have had a lot of fun buying such nice 
things for unknown sweethearts. There 
was a bad moment when it was feared that 
one welder had misunderstood because one 
package had the size and shape of a neck- 
tie box. The lucky lady winning this prize 
found that instead of her husband being 
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the lucky one, she had received a pair of 
white nylon formal gloves. 

The time had now arrived for refresh- 
ments. The setting was ideal for this part 
of the program. Snow-white table linen 
on large round tables in one of Cleveland’s 
largest ballrooms provided ample facilities 
and comfort. A long buffet table offered 
an interesting assortment of hors d’oeuvre, 
finger sandwiches, shrimp, doughnuts and 
coffee, a real gourmet’s delight. 

No one found themselves in a hurry to 
leave and a most enjoyable hour and a 
half was spent in casual conversation and 
repeat visits to the buffet table. 

The Cleveland Section is most serious 
in conducting its meetings along technical 
welding educational lines. They feel, 
however, that the greatest success and in- 
terest in this purpose may be had by the 
proper application of the humanities and 
due regard to the principle “all work and 
no play, makes Jack a very dull boy.”’ It is 
for this reason that they intentionally 
plan their technical program to include 
acquaintanceship and informality. The 
February meeting, traditionally, goes all 
out on informality and is strictly all play 
and no work. 


Colorado 


Regular monthly dinner meetirg of the 
Colorado Section for February was held on 
the 13th in the Festival Room of the Ox- 
ford Hotel, Denver 

J. C. Holmberg of the Tulsa Testing 
Laboratory, Tulsa, Okla., 
nontechnical talk on Inspection snd 
Testing, which was of interest to all pres- 
ent. 


presented a 


Columbus 


The Annual joint meeting with the 
local section of the American Society for 
Metals was held on the 9th at the Fort 
Hayes Hotel, Columbus, Ohio, with an 
attendance of 55 at dinner and 75 at the 
meeting 

Speaker was Dr. M. Gensamer, Prof. of 
Metallurgy, Columbia University. Dr. 
Gensamer discussed the characteristics of 
the failures of large structures and the 


probable course of events during such 
failures. He then discussed how best to 
evaluate the suitability of a given steel for 
application in large welded structures. 

The O.8.U. Conference will be held on 
April 13th. Annual Meeting and In- 
stallation of Officers will be held on May 
11th 


Dayton 


The Dayton Section held their February 
meeting on the night of the 13th at the 
Weiler Welding Co., Dayton, Ohio. Herb 
Weiler of the Weiler Welding Co. and Al 
Mealey of the Air Reduction Sales Co. 
acted as hosts for this meeting. 

Ernest DiLiberti, an arc-welding special- 
ist of the Air Reduction Sales Co. of New 
York City gave an illustrated talk on the 
Aircomatic Welding Process. Mr. Di- 
Liberti used both slides and a moving 
picture to illustrate his talk. Prior to the 
technical meeting, Mr. Rehse of the 
Dayton Section showed colored movies of a 
tour through Colorado. 

After the talk on Aircomatic Welding, 
Mr. DiLiberti and others demonstrated 
the Aircomatic Process in actual opera- 
tion 

Mr. Mealey and Mr. Weiler also served 
an excellent assortment of refreshments. 


Detroit 


The annual “Quiz the Experts’’ meeting 
was held at the Engineering Society of 
Detroit on February 9th. 

It was originally planned to have the 
Detroit Section compete with the Indiana 
Section, Cleveland Section and the 
Anthony Wayne Section; however, due to 
transportation difficulties, the Cleveland 
Section was unable to participate. 

John Randall of the Ford Motor Co. 
acted as Moderator, asking questions 
which had been submitted in advance by 
the membership. The questions for the 
most part proved very interesting and the 
Section feels that this type of meeting 
still holds high interest among their 


membership since they always manage to 
get a higher than average turn-out. 
The Detroit Section was represented by 


a completely new team with the following 
members: E. O. Courtemanche (Captain ), 
R. L. Burch, Jules Chuchet, P. 8. Doyan. 
The Indiana Section was represented by a 
team which has operated for them for the 
past few years: Ray Wirt (Captain), 
Ernest Goehringer, Carl Sauer and Ed 
Holt. The Anthony Wayne Section was 
represented by a team composed ol two 
old and two new members: Carl I. Gaby 
(Captain), B. G. Bishop, D. B. Rice 
and Gorge H. Laws, with Harry M. 
Johnson and Virgil S. Beck as alternates. 

The Indiana Section proved too tough 
for both the Detroit and Anthony Wayne 
Sections, the final results being Indiana 76 
points, Detroit 52 points and Anthony 
Wayne 32 points. As a result of the 
Indiana Section’s victory, Detroit re- 
linquished the traveling trophy which it 
won the previous year. 


Hartford 


The February dinner meeting of the 
Hartford Section was held on the 8th at 
the Rockledge Country Club, West 
Hartford, Conn. After-dinner feature was 
the showing of a movie “Electrical Proving 
Grounds” which was shown through the 
courtesy of the Westinghouse Electric 
Corp 

Speaker at the meeting was E. H. Turn- 
ock, Manager of Electrode Dept. of the 
Westinghouse Electric Corp. Mr. 
Turnock gave an extemporaneous talk on 
Welding Electrodes, which was illustrated 
by a sound, color movie on the same sub- 
ject 

The March meeting was held on the 
8th at the Rockledge Country Club, West 
Hartford, Conn 

Robert C. Singleton of the Nelson Sales 
Corp. gave a talk and a demonstration on 
Stud Welding Both were very good. 
Steel studs were welded to steel plate and 
to stainless steel plate. All the studs were 
hammered to prove their strength. Several 
members were successful in operating the 
machine. A new battery unit was used as 
a source of power 

A motion picture “Split Second Fasten- 
ing’’ was shown through the courtesy of 
the Nelson Sales Corp. 


Welded steel gear blank for ball mill, 139.52 in. O.D., 18 */; 


in. face, weight 12,400 lb. 
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Photos courtesy Farrel-Birmingham Co. Inc 


Welded assembly of steel plate and steel castings for rolling 
mill drive case 


403 


f \ 
| 
= 


“CONNECT WITH TWECO” 


CABLE SPLICERS 


A permanent splice to repair broken weld- 
ing cables. Install with a wrench (or solder 
if desired) for @ quick and efficient con- 
nection. Insulated with a tough fiber 
sleeve. 3 sizes for cable #6 through 4/0. 
Use TWECO cable connections to improve 


The Hartford Section held its annual 
New England Joint Meeting with a visit 
to the Farrel-Birmingham plants at An- 
sonia and Derby, Conn., on April 12th. 
After the field trip, the group convened at 
the Race Brook Country Club near New 
Haven for cocktails and dinner. Carl 
Hitchcock, Vice-President and General 
Sales Manager of Farrel-Birmingham Co. 
was the guest speaker. 

The Meeting Committee consisted of: 
L. Sykes, Chairman, Hartford Section; 
H. Grosberg, Chairman, Bridgeport Sec- 
tion; C. Burnett, Chairman, Worcester 
Section; C. Keyser, Chairman, Spring- 
field Section; and J. Donovan, Chairman, 
Boston Section. 

Other committees—-Plant Visitation: 
H. Grosberg, Bridgeport; and J. Mortimer 
Hartford. Cocktails: L. Sykes, Hart- 
ford. Dinners: H. Grosberg, Bridge- 
port; and T. Brady, Hartford. Tickets: 
8. Lacey, Hartford; and T. Gormley, 
Hartford. General: G. Mulligan, Bridge- 
port; F. Wallace, Hartford; and R. Gross, 
Hartford. 


Houston 


The February dinner meeting of the 
Houston Section was held on the 15th at 
the Ben Milam Hotel. 

C. E. Rogers of the Stoody Co. read a 
research paper on the “Factors in Hard 
Facing.” 

An after-dinner feature was the showing 
of a sound color film “Adventure in 
Alaska.” 
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Mr. Rogers discussed hard-facing al- 
loys—their types, advantages and limita- 
tions. He also gave examples of practical 
applications of hard facing, pointing out 
how we may learn through metallurgy and 
experience. 


Kansas City 


The Kansas City, Mo., Section held 
their February dinner meeting on the 15th 
at Fred Harvey’s, Union Station. 

J. C. Holmberg of the Tulsa Testing 
Laboratory, Tulsa, Okla., gave an ex- 
temporaneous talk on “Inspection and 
Testing."’ Mr. Holmberg not only brought 
out the importance of inspection and 
testing, but also covered the tests custom- 
arily prescribed, and also other tests 
which are useful for specific purposes. 
Slides were used to illustrate his talk. 


Lehigh Valley 


Arthur J. Raymo, Superintendent of 
Defense Products Dept., Baldwin Lima 
Hamilton Corp., was the guest speaker at 
the monthly meeting held on Monday, 
February 5th, at the Hotel Bethlehem, 
Bethlehem, Pa. J. R. Fairhurst, Chair- 
man, presided at the meeting. 

The subject of Mr. Raymo’s talk was 
“Welding as Applied to Railway Motive 
Power.”’ He told of the decline in the de- 
mand for steam locomotives which are 
being replaced by the Diesel locomotives 
at approximately a two-to-one ratio. Mr. 
Raymo’s talk was illustrated with slides 
showing the component parts of both 
steam and Diesel locomotives. He stressed 
the fact that machining and drilling be- 
fore assembly and welding can be done 
with good results, and he told of the 
manual welding, automatic welding, stud 
welding and flame-hardening applications 
in the assembly and final fabrication of 
locomotives. 

A lively discussion period following the 
talk was evidence of the interesting pres- 
entation by Mr. Raymo. 

A joint meeting with the local section 
of the American Society of Civil Engi- 
neers was held on Monday, March 5th, 
at the Hotel Bethlehem. Frederick H. 
Dill, Welding Engineer, American Bridge 
Co., Ambridge, Pa., was the guest speaker. 
Mr. Dill gave an interesting talk on the 
subject, “Design of Structural Steel,” 
discussing the use of welding in fabricating 
shops from an advantageous and econom- 
ical standpoint. His talk was augmented 
with slides. 

Approximately 85 members and guests 
attended the technical session. Remarks 
were offered by Morton O. Fuller, Presi- 
dent of the Engineering Society, who pre- 
sided, and J. R. Fairhurst, Chairman of 
the Lehigh Valley Section of the A. W.S. 

Members of both groups made an after- 
noon tour of the Ingersoll-Rand Co., 
visiting both the Phillipsburg, N. J., 
plant, and the welding shop in Easton, 
Pa. 


Louisville 
Charles Bruno, Chief Welding Engineer 


for the Products and Applications Dept. 
of the Reynolds Metals Co., was the guest 


Section Activities 


speaker on February 27th. He spoke on 
the subject “Aluminum Welding Meth- 
ods.”’ 


Mr. Bruno described the special charac- 
teristics of aluminum and its alloys and 
pointed out how the difficulties in welding 
these alloys so as to retain their desirable 
properties had been overcome by using 
the shielded are process. “Aluminum 
Pipe-line,” a color movie, was shown and 
illustrated the use of the shielded are proc- 
ess for welding the joints in an 8-in. alu- 
minum pipe line. 

Following the talk and the movie, the 
speaker ably answered the many ques- 
tions put to him by the audience, and the 
meeting closed with a social hour and a 


Duteh Lunch. 


Maryland 


The fourth meeting of the season of the 
Maryland Section was held on February 
16th at the Engineers Club of Baltimore. 

This meeting, featuring ““The Battle of 
the Sections,” had aroused both local 
and interstate interest. It was the second 
annual “Battle of the Sections.” The 
first was held in Philadelphia last year, 
where the Maryland Section, after a 
knockdown, drag-out battle had finally 
emerged the victor. Baltimore was now 
playing the host with the championship 
title at stake; winner take all. The ex- 
perts from Philadelphia, Lehigh Valley 
and Washington, D. C., were out for blood 
to take away the title so highly coveted by 
the Maryland Section. 

The preliminary event of the evening, 
starting at 6:00 p.m., was the preheating 
session followed by dinner at 6:30 P.m., 
which was attended by about 60 members. 
The final event of the evening at 8:00 
p.M. was the Intersectional Battle. At- 
tendance had increased to something less 
than 100 members. 

The moderator or referee of the meeting 
was E. B. Lutes, Director of Production, 
Are Rods Corp. 

Questions and answers had perviously 
been compiled by Fritz Albrecht, Vice- 
Chairman of the Maryland Section and 
Supervisor of Manufacturing Research 
and Development at the Glenn L. Martin 
Co. The questions and answers were 
taken from the new edition of the A.W.S. 
Handbook so that the results were prac- 
tically irrefutable. 

The timekeeper, counting the knock- 
downs, was H. Hunt, Ship Surveyor and 
Marine Engineer. The scorekeeper at the 
blackboard was H. 8S. Sayre, Welding 
Engineer, U. S. Naval Engineering Ex- 
periment Station. 

To obtain a cross section of the type of 
personnel participating in a question and 
answer discussion, it was thought desir- 
able to list the participants by name and 
occupation. 

Honorable Judges: A. J. Raymo, Wks. 
Manfg. Engineer, Baldwin Locomotive 
Wks., Philadelphia Section. A. T. Ba- 
varia, Sales Engineer, Lincoln Electric Co., 
Lehigh Valley Section. W. McKenzie, 
Welding Engineer, Navy Gun Factory, 
Washington, D. C., Section. 

Contestants—Philadelphia Section: R. 
D. Thomas, Jr., Director of Research and 
Engineering, Arcos Corp. E. R. McClung, 
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Jr., Supt., Lukenweld Div., Lukens Steel 
Co. E. 8. Elwood, District Manager, The 
Taylor-Winfield Corp. 

Baltimore Section: B. E. Wingert, 
Welding Engineer, Fairchild Aircraft 
Corp. G. E. Linnert, Senior Research 
Engineer, Rustless Div., Armco Steel 
Corp. 

Washington Section: W. 8S. Pellini, 
Head of Welding Section, Naval Research 
Lab., T. Bowron, The Linde Air Products 
Co. 

Lehigh Valley Section: R. E. Somers, 
Research Engineer, Bethlehem Steel Co., 
R. I. Fluck, Welding Supervisor, Bethle- 
hem Steel Co. 

The moderator read each question 
twice and after the second reading one 
minute was allowed for answering the 
question. The answer to each question 
was given by a spokesman from the 
Section to which the question had been 
presented. The judges ruled on the 
answers, giving ten points for perfect 
answers. Lower points commensurate 
with the quality of the answer were given 
from zero to ten. One judge held up a 
paddle to indicate the points scored for 
each answer. The judges were also in pos- 
session of the questions and answers. 
The points were tabulated on the black- 
board beside the Section scoring them so 
that the audience at all times was in com- 
plete possession of the progress of the 
battle. 

Both the moderator and the judge had 
the power to throw out those questions 
that they thought unsuitable 

The audience, which was composed of 
such dignitaries as A. G. Bissell, Mid- 
Eastern District Vice-President, and vari- 
ous sectional chairmen, exhibited their 
keen interest in the battle by their at- 
tentiveness. 

After eight rounds for a total of 32 ques- 
tions, the Philadelphia Section emerged 
the victor, with Baltimore as the runner 
up. 


Michiana 


The Michiana Section held its second 
Ladies Night on Jan. 18, 1951. With the 
cooperation of Notre Dame University and 
the General Electric Co., a very enjoyable 
evening was experienced. A dinner was 
held in the U.N.D. dining halls with about 
30 couples attending. After dinner, they 
gathered in the University’s Washington 
Hall to witness a showing of ‘““The House 
of Magic.”” Some 600 others—students, 
faculty and guests of Notre Dame or the 
Socrety-—also attended the 
show. 

Michiana slid to their February meeting 
on sleet-covered stress on February 15th 
to hear Lew Gilbert, Editor of Industry & 
Welding Magazine, discuss “Check Your 
Maintenance Welding.” 

A welder and welding engineer in days 
of yore, Mr. Gilbert had many good sug- 
gestions for ways to use welding in main- 
tenance. His talk was amply illustrated 
by slides and touched off a lively diseus- 
sion. 


New York 


Tuesday evening, February 20th, was 
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the occasion of the Annual Joint meeting 
of the New York Section, AMERICAN 
Society, and the New York 
Metropolitan Section, Society of Naval 
Architects and Marine Engineers. The 
speakers at this meeting were A. W. 
Rankin, Assistant Division Engineer, 
Steam Turbine Engineering Division, and 
R. W. Clark, Section Engineer, Welding 
Section, Schenectady Wks. Lab., both 
with the General Electric Co., Schenec- 
tady, N. Y. Their paper was entitled 
“Design and Fabrication of Steam Pip- 
ing.”’ 

In their papers, after first outlining the 
steady increases in steam turbine operat- 
ing temperatures which have occurred 
during the last fifty years, the authors dis- 
cussed some of the aspects of the design 
and fabrication of steam piping for high- 
pressure, high-temperature systems. Their 
paper considered the high temperature 
strength of some of the steels in common 
use today, as well as the calculation of the 
wall thickness with respect to both creep 
and rupture. A discussion of the ad- 
vantages of cold springing to diminish 
bending stresses due to expansion caused 
by the difference between room tempera- 
ture and operating temperature conditions 
was included in the paper. A concise ac- 
count of the graphitization phenomena and 
a discussion of the proper selection of ma- 
terials as used today to overcome this 
difficulty was covered 

When dealing with the fabrication of 
piping for high pressure, high temperature 
service, the authors discussed only welding 
as the best fabrication method. In their 
paper they stated that ‘when disassembly 
is not a significant factor, the advantages 
of lightweight, low over-all cost, reliability 
and freedom from maintenance have re- 
sulted in an almost universal acceptance of 
welded connections in steam power pip- 
ing.” 

Meeting arrangements for the New 
York Section, A.W.S., were under the 
direction of M. J. Giraldi, who serves both 
as a member of the Executive Committee 
of the New York Section of the AMERICAN 
Society and as Secretary- 
Treasurer of the New York Metropolitan 
Section of the Society of Naval Architects 
and Marine Engineers. John W. Heck, 
Principal Surveyor, Engineering Technical 
Staff, American Bureau of Shipping, New 
York, a member of the Society of Naval 
Architects and Marine Engineers, made 
arrangements for the presentation of this 
paper and served as Technical Chairman 
introducing the speakers 

As has been the case in past years, this 
meeting with the Society of Naval Archi- 
tects was very well attended. The New 
York Section of the A.W.S. always wel- 
comes this opportunity to meet the mem- 
bers of the Society of Naval Architects 
and Marine Engineers and to discuss 
problems of common interest by means of 
the papers presented at these meetings. 


Niagara Frontier 


The February dinner meeting was held 
at the Sheraton Hotel, Buffalo, N. Y., 
on February 22nd 

Raymond C. Freeman, Manager of 
Engineering, Welding Div., General Elec- 
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His talk on 


tric Co., was the speaker. 
“Are Welding Equipment” covered a.-c. 
and d.-c. equipment and inert-arc semi- 
automatic and filler-weld equipment— 
the latter a new development not yet 


released. All subjects were illustrated. 
A film “Are Welding at Work” was shown 
in connection with the presentation. 


Northwestern Pennsylvania 


This Section held its February dinner 
meeting at Souden’s Restaurant, Erie, 
Pa., on Feb. 21st 

H. E. Windleman and Roy Hinger pre- 
sented a clear-cut, interesting paper on 
“Elements on Display.” 

A film on tanks was also shown. The 
social hour took place before dinner. 


Pascagoula 


The February 28th dinner meeting was 
held at the Pascagoula Country Club, 
Pascagoula, Miss 

J. E. Gray, Chief, Estimating Dept., 
Ingalls Shipbuilding Corp., presented an 
interesting address on “Ship Repair in 
General.” 
sels were shown as illustrations. 


Photographs of torpedoed ves- 


Peoria 


The Peoria Section held its February 
dinner meeting on the 2ist at the Jeffer- 
son Hotel, Peoria, Ill., with an attendance 
of 48 at dinner and 54 at the meeting. 

Melon O. Monsler presented an illus- 
trated talk on ‘‘Coordination of Engineer- 
ing and Production in the Manufacture of 
Welded Products,” which was well re- 
ceived 


Philadelphia 


The Philadelphia Section honored the 
National Officers of the AMERICAN WELD- 
ING Socrery by designating its February 
meeting as National Officers Night. 
H. W. Pierce, President; LaMotte Grover, 
Director; J. H. Humberstone, Director; 
and J. G. Magrath, National Secretary, 
were the guests for dinner and the techni- 
cal meeting following. Each one con- 
gratulated the Philadelphia Section on its 
past progress and wished it continued 
success 

Over 100 members and guests enjoyed 
the unusual technical program—a “Ques 
tion-and-Answer Night” with A. J. Raymo, 
Baldwin-Lima-Hamilton Corp. as Moder- 
ator. Nine Philadelphia members with a 
well-rounded knowledge of the many and 
varied phases of welding were the con- 
testants, pitting their knowledge against 
each other for the prize as well as having 
their answers open to critical consideration 
by the entire audience. C. Dooley, Sun 
Shipbuilding and Dry Dock Co., came 
out with top honors for the evening, al- 
though closely pressed by J. Lang, Luken- 
weld Division of Lukens Steel Co 
Dooley, Sun Shipbuild- 
ing and Dry Dock Co.; J. Lang, Luken- 
weld Div., Lukens Steel Co.; Byron Gates, 
The Budd Co.; Frank Gardiner, I. T. E. 
Circuit Breaker Co.; N. Bonowitz, K. W. 
Ostrom Co.; J. Childs, Metalweld, Inc.; V. 
Nigriny, McCarter Iron Wks.; Mr. Blenker, 


Contestants: C 


405 


| 
. 
j 
é 
? 
4 
| 
ag 
| 
f 
= 


pyre 


National Officers Night at Philadelphia Section, Feb. 19, 1951. Left to Right: K. W. Ostrom, Vice-Chairman, Philadelphia 


Section; J. Magrath, National Secretary; L. D. 


T. Berg, Immediate Past-Chairman, Philadelphia Section; J. H. Humber- 


stone, Director; H. W. Pierce, National President; greeting O. C. Frederick, Chairman, Philadelphia Section; E. R. Mc- 
Clung, Treasurer, Phila. Section; LaMotte Grover, Director 


General Electric Co.; and Mr. Salter, Gen- 
eral Chemical Co. 

Judges: LaMotte Grover, Director; 
J. Magrath, Director: and Mr. McPherson, 
Washington Section. 

Official Scorer: Walter Mehl, Heintz 
Mfg. Co. 

The questions, the answers and the dis- 
cussion of the answers prove that no one 
knows all the answers about welding. 

The panel discussion meeting on Mar. 
2, 1951, covered ‘Prevention and Control 
of Cracking Due to Welding.” Forty- 
seven members were present to discuss this 
problem which was presented as a sequel 
to the meeting in February on “Allowance 
for and Control of Shrinkage.”” The sub- 
ject was open for diseussion by C. T. 
Gayley, Welding Engineer, Industrial 
Test Lab., Philadelphia Naval Shipyard, 
and R. D. Bradway, Welding Engineer, 
New York Shipbuilding Corp., with E. R. 
McClung, Supt., Lukenweld Division of 
Lukens Steel Co., acting as Moderator for 
the open discussion. The exchange of 
ideas was beneficial to everyone. 

The Philadelphia Section Team, con- 
sisting of R. D. Thomas, Jr., E. Ellwood 
and FE. R. MeClung with A. Raymo as 
judge, successfully competed in the Battle 
of Sections meeting at Baltimore on Fri- 
day, Feb. 16, 1951. They are to be con- 
gratulated for winning this contest. 

With the year rapidly drawing to a close 
all members should be out for the final 
two meetings, the technical meeting on 
Apr. 16, 1951, covering “Factors in Proc- 
essing Steel Which Affect Weldability” and 
the social night with dinner and dancing 
on May 12, 1951. 


Portland 


The fourth meeting of the current sea- 
son was held in a private dining room of 
the Mallory Hotel, Portland, Ore., on 
January 9th. The largest turnout of the 
year sat down to a pre-mecting dinner 
at 6:30 P.M. 

The meeting was called to order at 8:00 
P.M. After dispensing with the regular 
business, E. H. Weil assisted by Phil 
Thomas, both of The Lincoln Electric Co., 
presented a demonstration on the use of 
the Polariscope to determine stresses on 
various types of joints. 

The remainder of the program included 
a 16mm. sound movie entitled, “The 
Tool for the Job,” and a round-table dis- 
cussion on the Aircomatic Process led by 
Stan Richardson of the Air Reduction 
Sales Co. 
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Approximately fifty persons attended 
the meeting. 

The fifth meeting of the current season 
was held on February 15th at the Mallory 
Hotel. 

Due to the necessity to change the date 
of the meeting from the usual Tuesday 
night, the attendance was not as large as 
preceding meetings. However, approxi- 
mately twenty-five persons met at 6:30 
for dinner followed by the regular meeting, 
starting at 7:30 P.M. 

Program Chairman E. H. Weil intro- 
duced the speaker of the evening, Prof. 
Gilbert 8. Schaller, Professor of Mechani- 
cal Engineering, University of Washington. 
Professor Schaller presented a very inter- 
esting paper entitled, “Applied Welding 
Engineering.”” Slides were used in con- 
junction with the verbal presentation. 


Rochester 


Rochester Section dinner and meeting 
was held on February 19th at the Century 
Sweet Shop. About twenty-five attended 
the dinner and forty-two were present at 
the meeting which followed. 

Edman F. Holt, Chief Welding Engi- 
neer, P. R. Mallory & Co., spoke on the 
“Practical Aspects of Resistance Welding 
Electrodes."’ Mr. Holt elaborated on the 
necessity of proper tip selection and care 
of electrodes to obtain good-appearing, 
consistent and desirable tensiles in spot 
welds. Discussion followed. 

A new movie, entitled “The Making 
and Shaping of Steel, Part I,’’ was shown. 
This motion picture on steel making is 
second to none and was received with 
great interest by the members. They are 
looking forward to the showing of Part II 
at the next meeting. 


Salt Lake City 


The February 8th dinner meeting was 
held in the Coral Room, Temple Square 
Hotel, Salt Lake City. 

Robert G. Strother, Field’ Engineer 
with the Magnaflux Corp., was the 
speaker. His subject “The Quality Con- 
trol of Weldment”’ was both interesting 
and educational. Mr. Strother’s talk was 
of particular local interest because of in- 
creasing requirements for nondestructive 
testing on equipment being fabricated 
for A.F.C. and other defense projects in 
the area. Mr. Strother’s talk was ac- 
companied with a moving picture on 
“Welding with Magnaflux.” 


Section Activities 


Syracuse 


At the December 13th meeting 38 mem- 
bers and 47 guests attended a plant visit 
at the Thompson Road Plant of the Car- 
rier Corp. 

The tour covered the new press shop, 
the large industrial unit division, and the 
reciprocating and centrifugal compressor 
divisions. The tour was under the direc- 
tion of Chairman Millard R. Ames. 

An excellent turkey dinner was served 
at the Carrier cafeteria before the tour and 
a film was shown based on the experiences 
of Dr. Willis H. Carrier in the formation 
of the air-conditioning industry. 

Plans for the membership drive were ex- 
plained by Vice-Chairman Harry C. Wolfe. 


Tulsa 


The Tulsa Section held its March meet- 
ing on the 7th at Michaelis Cafeteria. 
This was a dinner meeting at which fifty- 
one persons were present. 

The speaker of the evening was Fred 
Zilm, Asst. Supt. of Pipe Line Mainte- 
nance, Service Pipe Line Co. His subject 
was “Pipe-Line Construction and Main- 
tenance.” Mr. Zilm showed slides illus- 
trating pipe-line construction from 1921 
to date. His subject was extremely inter- 
esting especially in this locality and was 
well received. 


Washington 


The February dinner meeting of the 
Washington Section was held at O’Don- 
nell’s Restaurant “Old Building,” on the 
27th with an attendance of forty-one. 
The technical meeting was held at the 
Washington Gas Light Auditorium with 
a total attendance of 137. 

Curtis C. Strong, Assistant, Office of 
Dependent Areas Affairs, Bureau of United 
Nations Affairs, Department of State, 
enlightened the group on the vast scope 
of the United Nations’ activities in the 
control of diseases, famine and their en- 
deavor to abolish poverty throughout the 
world. He illustrated several breaches of 
treaties that had started wars and that 
the United Nations had _ successfully 
settled. With the conclusion of Mr. 
Strong’s presentation, a technicolor motion 
picture, “Building for the Nations,” was 
shown through the courtesy of the United 
States Steel. 

The first technical speaker was Harry 
L. Ingram, Jr., of Air Reduction Sales 
Co., Washington, D. C. Mr. Ingram 
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gave the history of oxyacetylene cutting 
from the early days to the present high- 
speed production that is now possible. 

The next speaker, Dr. G. E. Claussen of 
Reid-Avery Co., Baltimore, Md., spoke 
on are welding of structural steel and field 
welding of structural steels. He gave a 
complete analysis of the electrodes used 
and several comparisons of field procedure 
as against shop fabrication. 

Dr. Claussen was followed by A. J. 
Scullen, Jr., of Maryland National Capital 
Park and Planning Commission, Mont- 
gomery County, Md., whose subject was 
codes and requirements of welded struc- 
tural steel. Mr. Scullan’s closing remarks 
were that the AMERICAN WELDING Society 
is well recognized for the standards of 
welding. 

After the meeting, coffee and doughnuts 
were served and the group did not break 
up until after eleven o'clock. 

Wichita 

The January meeting of the Wichita, 
Kansas Section was held on the 8th. A 
buffet supper was served to 30 at Wat- 
kin’s, Inc., Steel Fab. Shop; an inspec- 
tion tour of which was made to see their 
facilities for rolling, forming and fabrica- 
tion of pressure vessels, furnaces and 
structural steel. 

Speaker at the technical meeting was 
Dr. C. B. Voldrich of Battelle Memorial 
Institute, Columbus, Ohio. Dr. Voldrich 
gave an excellent, extemporaneous talk on 
Weldability of Steels. 

The February meeting was held on the 


12th. Cafeteria dinner was served to 
forty-two at the Cessna Aircraft Co. 
Cafeteria, Wichita, Kan. An inspection 
tour was made of the Cessna Aircraft Co. 
plant including forming and assembly of 
sheet metal, spot welding, are welding, 
fabrication of airframes, landgear, up- 
holstery, hydraulic equipment for farm 
implements, paint shop and machine 
shop. 

Speaker at the meeting was J. C. Holm- 
berg of the Tulsa Testing Lab. Mr. 
Holmberg gave an excellent, extempo- 
raneous talk on Inspection and Testing. 


Worcester 


The January 3ist meeting of the 
Worcester Section was held at the Tower 
House with sixty members and friends 
present. A nontechnical color movie on 
angling for sailfish off the Mexican coast, 
big game hunting on Mount Kenia in 
Alaska and skiing scenes was shown be- 
fore the meeting. 

Following the dinner at 7:00 P.M. 
Chairman C. Myron Burnett introduced 
the speaker of the evening, William J. 
Conley of Rochester, N. Y. Mr. Conley 
was formerly chief consulting engineer 
for The Lincoln Electric Co., and head of 
the School of Engineering at the Univer- 
sity of Rochester. His subject was “Re- 
design for Welded Steel Machine Bases.” 
He emphasized that the designer should 
first be concerned with the functional 
design of the base in question, and not be 
swayed too much by the original design in 


east iron. Also that in a shop where facili- 
ties were available for forming, a consider- 
able saving could be made by forming up 
as many parts as possible, and eliminating 
unnecessary welding. Slides were shown 
illustrating different designs in bases, and 
the talk concluded with a blackboard 
talk on proper joint design. 

Membership Chairman Adams intro- 
duced several new members of the Sec- 
tion. 

The February 28th meeting was held 
at the Tower House with seventy-five 
members and guests in attendance. The 
dinner was preceded by the showing of a 
colored movie “Skillfully Yours,” a fast 
action ski picture showing the 1950 
American Olympic ski team in training at 
Sun Valley, Idaho 

Following the dinner at 7:00 P.M., 
Erie R. Seabloom, Field Engineer for the 
Crane Co. of Chicago, Ill., spoke on 
“Welding of Pressure Piping.”” Mr. Sea- 
bloom is a Past-Chairman of the Chicago 
Section and a member of the Welding 
Research Council. He emphasized the 
fact that welding of pressure piping 
brings out many problems that are not 
ordinarily encountered in other types of 
welding. Some of these problems are the 
excessive flexing, expansion, thermal shock 
and the necessary use of special alloys in 
high-temperature, high-pressure lines; also 
the necessary application of certain alloys 
and procedures for the welding of ex- 
tremely low-temperature piping for re- 
frigeration equipment. The talk was 
aided by the use of numerous slides and 
was followed by a discussion period. 
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In the research laboratories of hospitals, 
clinics, and medical schools throughout 
our country, the lights burn late... as 
scientists constantly strive to halt 
humanity’s greatest enemy—CANCER. 

As the lights continue to burn, the hope 
for a cure grows brighter... here’s why: 


Cancer Research Is Paying Off 
Through research—which you have 
helped to support by donating to the 
American Cancer Society—medical 
science now has new weapons to combat 
this disease more effectively than ever: 
Drugs—there is evidence that a chemical 
treatment for cancer may be perfected. 
Certain drugs will prolong the lives of 
cancer victims... other promising com- 
pounds are being tested. 
Hormones—treatment with hormones, 
such as ACTH and Cortisone, has 
brought about dramatic, although tem- 
porary, effects in some types of cancer. 
Other hormones have helped control ad- 
vanced cancer of certain organs. 
X-rays—the development of more power- 
ful machines promises to make this form 
of treatment more effective. 


408 


Isotopes—radioactive chemicals are be- 
coming increasingly useful in treating 
certain rare forms of the disease. 


In addition, surgical technics have 
been improved so much that once hazard- 
ous operations can now be performed 
safely. And progress is being made in 
the development of tests to detect cancer 
in its earliest stages when the chances 
for cure are best. Research has made 


these life-saving advances possible. But, 
as long as cancer continues to kill some 
210,000 men, women, and children in our 
country each year, we must keep the 
lights burning in the laboratories! Much 
more research needs to be done before 
cancer can be dealt the final blow! 


Your life—the life of everyone you 
know—is at stake. Give generously to 
the 1951 Cancer Crusade. 


Help Science Help You... Give To Conquer Cancer 


to 


CANCER 
Jo tue fost 


... your gift will reach your 
American Cancer Society Division 


I CANCER, 


care of Your Local Post Office 


Here is my contribution of $_______ ] 
to fight Cancer. 


City. Zone. 
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Report of Ship Structure Committee 


§ The second of a series of technical progress reports to the 
Secretary of the Treasury by the Ship Structure Committee 


Foreword 


This is the Second Technical Progress Report from the Skip 
Structure Committee to the convening authority, the Secretary 
of the Treasury. It continues the series of technical reports 
which began with the publication of the Final Report of the Ship 
Structure Committee’s predecessor, the Board to Investigate the 
Design and Methods of Construction of Welded Steel Merchant 
Vessels. 

As an outcome of a re-evaluation of the objectives of the Ship 
Structure Committee, it was decided two years ago that the 
research investigations studying shipbuilding materials should be 
of a more fundamental nature, in order to determine basic causes 
of brittle fractures in welded ships. 

It was also decided that activity in structural research related 
to ship design should be stimulated. As a consequence several 
research projects have recently been established in this field, and 
it is planned to initiate additional investigations during fiscal 
1951 if funds permit. 

As a result of these reorientations of activities, tangible prog- 
ress during the interval since the publication of the first Tech- 
nical Progress Report on March 1, 1948, has not been great. 

It is felt, however, that the Ship Structure Committee’s re- 
search program, as it is currently planned, can do much toward 
determining the underlying causes of brittle fractures in welded 
ships. Once these causes are known, suitable remedial measures 
can be taken. 

In the meantime riveted crack arrestors are being installed to 
localize fractures in welded ships. 


K. K. Cowart, Rear Admiral, 
U.S.C.G., Engineer-in-Chief, 
United States Coast Guard, 
Chairman 
C. D. WHEELOcK, Rear Admiral, R. L. Hicks, Captain, U.S.N., 


U.S.N., Deputy and Assistant 
Chief, Bureau of Ships, 
Department of the Navy, 
Member 

W. N. Captain, 
U.S.N.R., Director, Mer- 
chant Marine Division, Mili- 
tary Sea Transportation Serv- 
ice, Member 
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Chief, Division of Ship Con- 
struction and Repair, Mari- 
time Administration, Mem- 
ber 


D. P. Brown, Chief Surveyor 


American Bureau of Ship- 
ping, Member 


Ship Structure 


SUMMARY 


N V'HE Final Report of the Board,' the recommenda- 
tion was made that “an organization pe estab- 
lished to formulate and 
matters pertaining to ship structure in the same 

manner as has been the practice during the tenure of 
the Board.” In accordance with this recommendation, 
in July 1946 the Secretary of the Treasury appointed 
the Ship Structure Committee. The Committee was 
“constituted for the purpose of prosecuting a research 
program to improve the hull structures of ships by an 
extension of knowledge pertaining to design, materials 
and methods of fabrication.’”’ The progress of the Com- 
mittee’s investigations up to March 1948 has been re- 
ported previously ;? the activities since that time will be 
described in this, the Second Technical Progress Re- 
port. 

For convenience of discussion, the Ship Structure 
Committee investigations are herein grouped under 
five general headings: Materials, Fabrication, Locked- 
in-Stress, Design, and Statistical Report of Structural 
Performance of Steel Merchant Vessels. 

The section on Materials describes the efforts being 
made to provide steel with greater notch-toughness for 
use in ship construction and the investigations intended 
to increase fundamental knowledge of the brittle frac- 
ture and transition temperature phenomena. 

The section on Fabrication outlines the studies of the 
effects of welding upon the structural properties of 
weldments. 

Under Locked-in Stress, a description is given of a 
project whose purpose is the development of a method 
for determination of the directions and magnitudes of 


coordinate research in 
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initial stresses. Plans for preparation of a locked-in 
stress monograph are also outlined. 

The section on Design gives a description of the 
projects investigating the performance of various 
design details and of a project concerned with the 
interaction between a ship’s hull and superstructure. 

In the last section, cumulative statistical data on 
steel ship casualties up to Jan. 1, 1950, are presented. 


CONCLUSIONS 


1. The conclusions drawn in the Final Report of 
the Board and in the Technical Progress Report of 
Mar. 1, 1948, remain valid. 

2. Continued justification of the various struc- 
tural modifications employed is indicated by the service 
record of Liberty ships and T-2 Tankers, based on re- 
duction of frequency of major casualties. 

3. Brittle fractures may be initiated in welded 
ships if the steel used in the main hull girder absorbs 
less than 15 ft.-lb. of energy in the standard V-notch 
Charpy impact test at a temperature of 60° F. It is 
not known, however, how much more notch-tough the 
steel must be in order to remove the danger of brittle 
fracture. This statement is based on the investigation 
of failures during the past eight years and consequently 
is established only for the types of vessels covered by 
the investigation and the operating conditions that 
existed for these same vessels. 

4. Based on conclusion 3 above, some ship plates 
in */,in. thickness would appear to be undesirable for 
use in welded ship construction. 

5. Either preheating or postheating generally low- 
ers the transition temperature of ship steel weld- 
ments. 


GENERAL 


During the summer of 1948, the Ship Structure Com- 
mittee, in accordance with its expressed desire to in- 
vestigate the fundamental factors underlying the brittle 
fracture of steel, requested the National Academy of 
Sciences to convene a “Committee on Ship Steel.’ 
This latter committee was appointed to serve in an 
advisory capacity in the formulation of a research pro- 
gram designed not only to study the basic conditions 
leading to and abetting brittle fractures, but also to 
aid in the establishment of a performance test and 
specification requirement for ship steel. As a conse- 
quence of this partial reorientation of research activities, 
a large part of the Ship Structure Committee program 
was terminated and a number of new projects on 
materials were established under the auspices of the 
Committee on Ship Steel. 

Increased attention has been directed to the program 
of research on the structural design of ships. Toward 
this end, several new projects have been instituted 
which are intended to advance knowledge concerning 
detail ship design; these projects will be discussed in 
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more detail in a subsequent section of this report. Ad- 
ditional design projects are being considered for activa- 
tion in the near future. 

The Ship Structure Committee has approved the 
formation of a “Committee on Ship Structural Design,”’ 
the purpose of which would be to assist in the planning 
and administration of the expanded Design program 
and in the interpretation of the results of this program. 
At such time as the Ship Structure Subcommittee de- 
cides this measure expedient, the National Academy of 
Sciences will be requested to convene a “Committee on 
Ship Structural Design” with an organization parallel 
to that of the Committee on Ship Steel. 

Since many of the projects on Materials and Design 
did not become active until after the Spring of 1949, 
they have not yet reached stages at which sufficient 
results are available to indicate trends. Consequently, 
this Technical Progress Report is concerned prin- 
cipally with those projects which were established prior 
to 1949. 


MATERIAL 


Since the inception, the research program dealing 
with brittleness in ship steel has been seriously hindered 
by the lack of a satisfactory method to evaluate the 
susceptibility of a steel to brittle fracture after it is 
fabricated into the structure of a ship. For example, 
it has not been possible to demonstrate a precise quan- 
titative relationship between properties of a given piece 
of steel as determined by any of the notch* tests and 
the integrity of that same piece of steel in a ship. Prog- 
ress toward the solution of this difficulty, however, can 
now be reported. 

The project at the National Bureau of Standards, 
in which plates from fractured ships are studied, has 
been continued into its eighth year.’ In this investiga- 
tion fractured steel plates from 75 ships have been ex- 
amined and various physical properties, including V- 
notch Charpy transition temperatures, of 112 plates 
selected from 57 of these ships have been determined. 
The results which have been obtained from the Charpy 
tests of these plates are summarized in Fig. 1 (A). 
These data indicate that there is danger of brittle frac- 
ture in ships when, in the standard V-notch Charpy 
impact test, the 15 ft.-lb. transition temperaturet 
of the steel in the vessels is higher than 60° F. It is 
not known, however, how much greater the notch- 
toughness{ of the steel must be to remove danger of 
brittle fracture. 


* A notch may be defined as any discontinuity. As used in this report, a 
notch means a structural discontinuity, such as is occasioned by hatch 
openings, sheer strake cut-outs, foundations, vent openings, bilge keels, 
the abrupt termination of structural members, etc., ond tipatetions in the 
structure resulting from fabrication, such as peened-over cracks, undercut 
welds, porosity and inclusions in welds, and incomplete penetration which 
leaves voids at the center of the joint. In addition to structural notches, 
metallurgical notches resulting from inhomogeneities in the material may 
exist and may under some conditions be more severe stress raisers than 
structural notches. The heat-affected zone of a weld or a flame-cut edge 
could be a metallurgical notch. 

t V-noteh Charpy 15 ft.-lb. transition temperature is defined as the 
temperature at which an average energy of 15 ft.-lb. is absorbed during 
failure. Transition temperature is used herein as an index of notch-tough- 
ness (see footnote below ({)). 

$ Notch-toughness may be defined as the property of a material which 
reflects its ability to absorb energy in the presence of notches and other strain 
inhibitors, such as low temperature and high rates of strain. 
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26 MISCELLANEOUS SHIP PLATES AND SHAPES, THICKNESS 0.41"-150", AND PROJECT STEELS 
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Fig. 1 (A) Relation of 15 ft.-lb. transition temperature to the nature of the fractures in ship plates, and comparison of 
transition temperatures of fractured ship plates and project steels. (15 ft.-lb. transition temperature, ° F. Standard 
V-notch Charpy test.) From Ship Structure Committee Report NBS-3, not yet published 
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This information is valuable since it represents the 
only relation available at the present time between a 
laboratory test and service performance. The need for 
including a standard for notch-toughness in specifica- 
tion requirements for ship steels has already been 
indicated;' it is hoped that eventually data of the type 
presented in Fig. 1 (A) will permit the formulation of 
specification requirements. It is felt, however, that 
information on additional plates from fractured ships 
would be desirable before any such requirements are 
proposed, in order that the relation between labora- 
tory results and service performance might be estab- 
lished with greater certainty. 

At the present time, it is possible to make a com- 
parison between currently produced steels of shipbuild- 
ing quality and steels from fractured ships in terms of 
available information on transition temperatures. 
There is, however, no standard notched-bar test used 
by all investigators. Asa result, data on ship steels are 
in terms of a variety of tests and the correlations so far 
determined between results of these various tests are 
only fair. Since a larger volume of data is available in 
terms of the standard keyhole Charpy test and the 
Navy tear test than in terms of any other notched-bar 
test, it is desirable to consider data from these tests. 
In order, then, to compare results of these tests with 
data on steel from fractured ships, a conversion be- 
tween transition temperatures as determined by these 
tests and the standard V-notch Charpy test must be 
made. On the basis of the best available linear cor- 
relation, a steel having a 15 ft.-lb. V-notch Charpy 
transition temperature of 60° F. has a Navy tear test 
transition temperature* of approximately 85° F. and a 
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keyhole Charpy 20 ft.-Ib. transition temperature* of 
approximately 10° F. 

The distributions of transition temperatures as 
determined by the Navy tear test and the keyhole 
Charpy test for five types of commercially produced 
ship steel are depicted in Figs. 1 (B) and 1 (C), respec- 
tively. The steels employed in determining these 
distributions are described further in Table III; all 
steels represented in the plots were */,-in. in thickness 
and were tested in the as-rolled condition. Each datum 
point represented in Figs. 1 (B) and 1 (C) was uniquely 
determined from experimental results from the in- 
dicated test; that is, there was no conversion of transi- 
tion temperatures from one test to another. It should 
be noted that the “‘S”’ steels are not truly representative 
of current production practice in that they were rolled 
from billets. The steels indicated as having been 
treated with aluminum in the mold are also classified as 
steels. 

It may be seen that, assuming the validity of the 
above correlation between transition temperatures 
determined by different tests, some ship plates in */,-in. 
thickness appear to be unsafe for vessels of the types 
included in the NBS investigations and operating under 
conditions such as existed for these same vessels. This 
conclusion is based on the fact that Navy tear test 
transition temperatures greater than 85° F. are shown in 
Fig. 1 (B) and keyhole Charpy 20 ft.-lb. transition 
temperatures greater than 10° F. are shown in Fig. 
1 (C). 

* The Navy Tear Test transition temperature is defined as the highest teat 
temperature at which one or more specimens exhibiting a shear area originat- 
ing! rom the notch of less than 50% of the entire fracture area. The keyhole 


rpy transition temperature is defined as the temperature at which an 
average energy of 20 ft.-lb. is absorbed during failure. 


a 
NAVY DEPT. GRADE M 
48-S-5;FORMER ABS 
SPEC. 


ABS CLASS B + AL** 


FREQUENCY 


FULLY KILLED 


-60 


KEYHOLE CHARPY 20 FOOT-POUND 


* ALL STEELS PRODUCED COMMERCIALLY -SEE TA 
GO PROJECT STEELS INCLUDING S-STEELS - 29 PLATES THE 


@® STEELS USED IN SHIP CONSTRUCTION-2! 


BLE 


TRANSITION TEMPERATURE 


*#* TREATED WITH ALUMINUM IN 
MOLD FOR FINER GRAIN 


PLATES 


Fig.1(C) Range and distribution of standard keyhole Charpy 20 ft.-lb. transition temperatures for five types of ship steel.* 
(@/.-in. thick plate, as-rolled) 


172-s 


Ship Structure Committee 


WELDING RESEARCH SUPPLEMENT 


| 
| 
: 
-100 -80 -40 -20 20 40 60 


Ship 
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of 
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EC-2 (Liberty Ships) 

1. All-welded with original details 2100 
2. All-welded with improved details 2580 
3. All-welded, improved det. and some riveting 4571 
4. Riveted seams with orig. details 330 


Riveted seams with improved details 
All-welded 


l 
2. All-welded with riveted straps 868 
(Victory Ships) 1774 


Riveted seams 
All-welded 
. Riveted seams, corner stanchions 
2. Riveted seams, center stanchions 49 


All-welded 


All-welded, Waterman type 


2. All-welded with some riveting, Waterman type 87 
3. All-welded, North Carolina type 390 
4. Riveted seams 655 


Riveted seams 
All-welded 
All-welded 
2. All-welded with riveted gunwale 


Other Miscellaneous Ships 
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Table 1—Record of Structural Performance of Various Types of Welded Ships (from Start* to Jan. 1, 1950) 


Group I 


casualties Group | Groups I and II 
Group I per 100 and Il casualties per 
casualties ship-years casualties 100 ship-years 

SS 4.18 408 19.45 

12 0.46 92 3.56 

25 0.55 153 3.35 

1 0.31 17 5.35 

2 2 


2 2 30 6 6.90 
1 0.26 5 1.28 
4 0.61 20 3.05 


1 0.58 7 4.10 
l 0.89 2 1.79 
12 
197 


The following additional conclusions are drawn, 
based on the limited data shown in Figs. 1 (B) and 
1 (C): 

1. The notch-toughness of rimmed and semi-killed 
steels supplied under the earlier ABS specification 
(similar to Navy Department Grade M, 48-S-5) is 
essentially the same. 

2. The steels produced to the current ABS Class B 
specification are more notch-tough than those supplied 
under the earlier ABS specifications, and killed steels 
are even more notch-tough. 

3. Steels can be improved by changes which will 
not necessitate basic changes in the operating prac- 
tices of the U.S. steel industry, e.g., the new ABS speci- 
fication for Class B material was put into effect 
without causing any delay in the procurement of this 
material. However, the ABS classes B and C both 
require additional quantities of the strategically critical 
element manganese, and this factor should be consid- 
ered in planning for a large emergency shipbuilding 
program. 

Recognition of these points is reflected in the initia- 
tion of a project in June 1949, on the recommenda- 
tion of the Committee on Ship Steel, to investigate 
the effect of steel-making variables on the notch-tough- 
ness of semi-killed ship steel. This investigation, 
which represents one of the major efforts of the SSC 
program, will be very inclusive and the effects of such 
variables as composition, gas content, rate of carbon 
drop and deoxidizers will be systematically studied. 
Work is in a preliminary state at this writing and no 
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* Records cover service performance from date at which first vessel of each group was placed in service 


progress reports have been issued. 
Testing of wide ship-plate specimens is continuing, 
but on a much smaller scale than in the earlier phases 
of the research program.‘ A study of the influence of 
size effect on transition temperature of centrally notched 
specimens is being conducted by varying the ratio 
of width of a specimen to its thickness. This work is 
nearing completion but results are not yet sufficiently 
clearly established to warrant their inclusion in this 
report. These tests are also supplying more data on 
which to base correlation between results of large 
plates and results from small-scale laboratory tests. 
Liaison between the Ship Structure Committee and 
the American Iron and Steel Institute has been es- 
tablished in an attempt to evaluate the level-of notch- 
Plates 
in several thicknesses have been obtained from 31 


toughness of current production heats of steel. 


production heats and are being subjected to tear tests, 
keyhole Charpy tests and 12-in. flat plate tests. No 
summary report on this work is as yet available. 

On the recommendation of the Committee on Ship 
Steel, the Ship Structure Committee has sponsored 
certain research investigations of a basic nature. 
These investigations include (1) a study of the critical 
stresses at which slip, cleavage and twinning will occur 
in single crystals of pure iron, (2) a study of the ef- 
fects of alloys in pure binary ferrites and (3) a study of 
the transition phenomenon in metals other than iron. 
These projects are still in early stages and no progress 
reports have been issued at this writing. However, the 
sponsorship of these investigations by the Ship Struc- 
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ture Committee indicates a recognition of the fact that 
the physical phenomena underlying the problem of 
brittle fracture in steel are largely undefined. Hope- 
fully, findings from these efforts in “‘pure research’’ 
will provide data of practical usefulness. 

A project whose aim was the prediction of the notch- 
toughness of ship plate from tests of furnace or ladle 
samples has been completed.’ Such a test would be of 
great value for the control of ship steel in manufac- 
ture because, if successful, it would make possible the 
diversion of unsatisfactory heats of steel while still in 
ingot form. Unfortunately, however, efforts to develop 
such a test were unsuccessful and this project was 
terminated. 

An investigation of the effects of fatigue damage and 
plastic strain on the transition temperature of ship 
steel has been completed. While this was essentially 
exploratory work, the limited test data indicated that 
fatigue damage which resulted in crack formation 
caused an appreciable increase in the V-notch Charpy 
transition temperature and a decrease of about 35% 
in the maximum-energy level. Cyclic stresses below 
the endurance limit were found to result in the forma- 
tion of cracks at the root of the notch in notched speci- 
mens. Fatigue stressing which did not result in the 
formation of cracks caused a slight increase in the 
transition temperature. Prestrain (about 2%) in ten- 
sion resulted in an increase of about 20° F. in transition 
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temperature. 

A project whose purpose was the development of a 
test which could produce balanced biaxial tensile 
stresses in full-thickness steel plate has been termi- 
nated.” This test used disk specimens up to 30 in.-in 
diameter and 8 in. in thickness which were rotated at 
high speed (up to 35,000 rpm.) in a “whirl pit.” Sev- 
eral 26-in. diameter, */,-in. thick specimens were tested 
successfully to destruction. When the project was 
terminated, efforts were being made to make instan- 
taneous strain measurements by means of wire strain 
gages which would be let out by slip-rings and to de- 
velop a satisfactory spider to permit testing of hubless 
disks. It was also intended to control the temperature 
of the whirl pit so as to permit testing at various tem- 
peratures. 

A study of the welding characteristics and other 
properties of high tensile and high yield strength steel 
plate has been completed. In this work, it was 
demonstrated that (1) in general, steels with higher 
chemical composition were the most susceptible to 
underbead cracking and (2) thermal processing had a 
marked effect on underbead cracking, the sensitivity to 
such cracking being increased by annealing and de- 
creased by homogenizing. The effect of composition 
upon underbead cracking of laboratory-melted high- 
tensile steel was also studied in this project. It was 
found from this phase of the work that if the carbon 
is limited to 0.13-0.15%, manganese is under 1.30% 
and approximately 0.12% vanadium and 0.50% 
molybdenum are added, 1-in. hot-rolled plate with a 
yield strength in excess of 70,000 psi. could be ob- 
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tained with an extremely low tendency toward under- 
bead cracking. The notch-toughness of this steel, 
however, was relatively low. (Related work in this 
field indicates that notch-toughness of manganese- 
vanadium steel is improved by normalizing.’) 

Work has begun on the preparation of a notched-bar 
monograph which will consist of a critical review of all 
available publications on notched-bar testing. The 
work is being done by the National Academy of Sci- 
ences, with the guidance of several eminent authorities 
in the field. Upon completion, the review will be pub- 
lished commercially in book form. 

Work has been completed, but the final report has 


not as yet been rendered, on a project which had as its 
principal purpose the development of a small test, 
the results of which could be correlated with the large 
flat plate tests. V-notch and keyhole Charpy speci- 
mens and full plate thickness impact specimens were 
tested, but no wholly satisfactory relation between 
the results of these tests and the flat plate tests has so 
far been established in this project. 

The best correlation to date with flat plate test transi- 
tion temperatures over a wide range of steels appears 
to be shown by the Navy tear test. Tear test transi- 
tion temperature data will soon be available for all 
steels tested in the flat plate investigations. 
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FABRICATION nitely does not coincide with the hardened part of the 

heat-affected zone, but is farther removed from the weld 

The effect of welding on the notch-toughness of ship than the latter zone. This brittle zone is in a region at 
plate is being investigated in three projects. which the critical temperature of the steel was not ex- 
One of these projects employs the eccentric notch ceeded during welding. Consequently, it is suspected 
strength of a small circumferentially notched tensile that the brittleness has resulted from subcritical phe- 
specimen as a parameter of ductility.’' In project nomena such as supersaturation and precipitation of 
steels A” and “C,” the existence of a zone of brittle- carbon or nitrogen from alpha iron. An effort is now 
ness located at a distance of 0.3 to 0.4 in. from the being made to establish the cause of this brittle zone. 
center line of a butt weld in */,-in. plate has been Preheating at 400° F. was found to lower the transi- 
demonstrated. The location of the brittle zone defi- tion temperature of the brittle zone by about 25° F.; 


Table 3—Steels Represented in Distributions of Navy Tear Test and Keyhole Charpy Transition Temperatures (Figs. 1 (B) 
and 1 (C) */,-In., As-Rolled) 


Standard 
keyhole 
Static tensile properties Charpy 
A pprorimate Deoxidation Yield Tensile Tear test 20 ft.-lb. 
Steel code chemical analysis, % and point, strength, Elongation, transition transition 
designation ( Mn specification pst. pst. %, 8 in. temperature temperature 
49 Semikilled. 48-S-5 34, 100 58,600 
Semikilled. ABS-B 32,800 56,700 
Semikilled. 48-S-5 35,500 
Fully killed 37 ,600 
Rimmed. 48-S-5 30,900 
Fully killed 35,000 
Fully killed 37 ,200 
Rimmed. 48-S-5 36 , 800 
Rimmed. 48-S-5 37,300 
Rimmed. 48-S-5 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. 
Semikilled. 
Semikilled. 
Semikilled. 
Semikilled. 
Semikilled. 
Semikilled. 
Semikilled. 
Semikilled. 
Semikilled. 
Semikilled. 
Semikilled. 
Semikilled. 
Semikilled. 
Semikilled. 
Semikilled. 
Semikilled. 
Semikilled. ABS-B 
Fully killed 
Semikilled. 48-S-5 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. ABS-B 
Semikilled. 48-S-5 
Semikilled. 48-S-5 
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* Rolled from billet. The ‘‘S” steel series should therefore not necessarily be considered as representative of commercial ship plate 
production. 

+ Treated with aluminum in the mold for finer grain. 

t Plate removed from failed ship. Reference: ABS Laboratory Report No. F-48 (September 1949). 
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postheating at 1100° F. practically eliminated the 
brittle zone. 

In the second investigation concerned with fabrica- 
tion, efforts were made to determine the correlation 
between results from five laboratory tests (tee-bend, 
Kinzel slow-bend, Lehigh slow-bend, Jackson and 
NRL slow-bend tests) and hatch corner tests.'* Some 
modifications of the laboratory tests were also made in 
an attempt to improve the correlation with hatch 
corner tests. No method of analysis of the data has 
yet yielded a satisfactory relationship between the 
laboratory tests and the hatch corner tests. Emphasis 
on this project has now been shifted to a study of the 
factors affecting fracture initiation and propagation in 
the vicinity of welds. 

A project conducted by the Bureau of Ships, which 
investigated the transition temperatures of eight high- 
strength heat-treated alloy steels as determined by 
several specimen designs, has been completed.'* The 
results of this project are summarized here since they 
pertain to the Ship Structure Committee program. 
Tensile tests on four of the steels were performed on 
restrained welded specimens of the hatch corner type 
and several other auxiliary designs. For purposes of 
comparison, two ship quality mild steels were also 
tested. It was found that the transition temperatures 
were generally lower and the energy absorption to 
failure higher for the alloy steels than for the mild steels. 
Although in the restrained welded specimens failure 
occurred at nominal stress values below the yield 
strength as determined by standard tensile tests, the 
performance of both fillet and butt welds at high- 
strength levels was considered satisfactory. 

The same high-strength steel-weld metal combina- 
tions have also been tested by the direct explosion 
test method which has been described in earlier Ship 
Structure Committee reports.'* These tests have ar- 
ranged the steels in the same order as the restrained 
welded tests described above. This project also re- 
vealed that weld performance in high yield strength 
steels may be improved by using electrode metals of 
higher yield strength than that of the base plate. A 
new Ship Structure Committee project has been ini- 
tiated in which an attempt will be made to duplicate 
such behavior employing current ABS ship plate steels 
welded with electrodes of higher strength. Since this 
work is still in a preliminary stage, no reports have yet 
been issued. 


LOCKED-IN STRESS 


There has been no new information which would alter 
the conclusions of the last Technical Progress Report 
and the Report of the Board relative to the inferior 
role of locked-in stresses in the failures of welded mer- 
chant ships, but these conclusions are being re-ex- 
amined. 

One of the difficulties in the study of locked-in stresses 
is the lack of a convenient and reliable method of their 


178-s Ship Structure Committee 


measurement. The Ship Structure Committee, there- 
fore, is sponsoring a research project the aim of which 
is the development of a simple, reliable and nondestruc- 
tive method for the determination of the direction and 
value of the locked-in stress at any location in a struc- 
ture such as a ship or a bridge. The method being ex- 
plored consists of attaching resistance wire strain-gages 
around the point at which it is desired to determine 
the stress, and then drilling a hole '/s-to 1-in. in diameter 
at that point. The gage reading before and after 
drilling the hole is used to calculate the stress. 

The Ship Structure Committee has approved the 
preparation and ultimate publication of a locked-in 
stress monograph, to be integrated from papers on 
various phases of the problem prepared by authors of 
recognized merit and familiarity with each phase. A 
committee on locked-in stress has been appointed, its 
function being to guide the preparation of the mono- 
graph and to select the experts who will write the papers. 
As yet no results are available. 


DESIGN 


Wartime activities of the member agencies of the 
Board to Investigate the Design and Methods of Con- 
struction of Welded Steel Merchant Vessels resulted in 
great strides toward the elimination of cracking through 
the use of improved designs for structural details, and 
several design investigations were conducted. 

During the first years of the tenure of the Ship Struc- 
ture Committee, primary emphasis was placed on 
studies of materials and methods of fabrication. This 
was done because of the great need for the ultimate 
establishment of a new ship steel specification re- 
quirement to insure satisfactory notch-toughness of 
the steel at normal operating temperatures after fabri- 
cation by welding. Due to the limitation of funds, 
it was not possible at the same time to conduct an ex- 
tensive design research program. Now, however, 
because of the progress of the materials research pro- 
gram, the Committee feels that activity in Design re- 
search should be stimulated. Consequently, current 
design projects are relatively new and only incomplete 
results are available at this time. For that reason, only 
brief statements concerning the over-all purposes of the 
projects can be made. 

One project is devoted to the drafting of hatch corner 
design recommendations. The existing data on hatch 
corner tests is being reviewed with the purpose of 
recommending desirable features of design for applica- 
tion in future construction. The importance of such a 
study is emphasized by the relatively high percentage of 
Liberty ship fractures which have initiated at hatch 
corners. This analysis may demonstrate a need for a 
limited amount of additional experimental work. 

Another project is investigating several methods of 
reinforcing openings in ships. The relative merits of 
welded doublers, face plates and insert plates will be 
determined. No results from this project are avail- 
able as yet. 
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Work has been initiated 


on a study of the relative. 


tendencies toward cracking 
of certain basic geometries. 
The geometrical configura- 
tions include typical ship 
design details. 
Astructural study is being 
made several typical 
tanker details such 
terrupted longitudinals and 
bulkhead 


Specimens which simulate 


on 
as in- 


intersections. 


these details are subjected 
to static tensile tests at low 
to 
By 
introducing various geome- 
alterations into the 
the effect of 
design upon stress concen- 
tration, strength and ductil- 
ity at 0° F. will be investi- 
Experimental work 


temperatures, in order 


induce brittle fracture. 


trical 
specimens, 


gated. 
on this project is well under 
way. No reports have yet 
been published. 

A project has been ini- 
tiated tomake a preliminary 
analytical study of the geo- 
metrical parameters that 
control the interaction be- 
tween the hull and super- 


structure of a ship. This 
work will consist of the 
formulation of basic 


theory of the effects of super- 
structures. Upon its com- 
pletion, consideration will 
be given to a program of ex- 
perimental tests which will 
be planned and executed in 
order to verify the theory. 


STATISTICAL RE- 


PORTS OF STRUC- 

TURAL FAILURES OF 

STEEL MERCHANT 

VESSELS TO JAN. 1, 
1950 


During the time period 
covered by this report, only 
one complete failure of a 
steel merchant vessel has 
occurred. A T-1 Tanker, 
the §.S. Capitan, broke in 
two during the night of Dee. 
24, 1948, while being towed 
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from Savannah, Ga., to Baltimore, Md., for reconver- 


sion. This was the first major casualty in a vessel 


of the Maritime Commission type T1-M-BT all-welded 
Tanker of 309 x 48.2 x 21.9 molded dimensions; 29 
of these tankers were built during the years 1945 and 
1946 and have seen satisfactory service under both the 
U.S. Navy and private operators. 

At the time of the casualty, the air temperature was 
about 35° F. and falling, and the sea was rough. The 
fracture originated in the half-round chafing strip at 
the top of the sheer strake about 10 ft. forward of 
amidships. The fracture propagated in a cleavage 
fashion athwartships through the deck and down the 
sheer strakes through some strakes below; around the 
bilge and bottom and the center longitudinal bulkhead, 
the fracture indicated a mixture of shear and cleavage. 
Both halves of the vessel remained afloat and were 
towed into Baltimore where the ship was repaired and 
returned to service. 

In addition to the failure of the 8.8. Capitan, 32 
serious structural fractures comprising cracks of 10 ft. 
or more in length within the middle half-length of the 
main hull girder were sustained during this report pe- 
riod. These fractures occurred in ten T-2 Tankers and 
21 dry cargo vessels, the latter consisting of thirteen 
EC-2’s, four C-2’s, one C-3 and two C-4’s. Available 
information on all the above structural casualties is 
given in Table II. 

The comparative records of structural performance 
of the major types of Maritime Commission-designed 
ships are ,;iven in Table I; these records are based on 
Group I er Group I and II casualties per hundred 
cumulative ship-years of service up to January 1950.'? 


Liberty Ships 


In order to clarify the structural performance of the 
Liberty ships, it was found necessary to subdivide 
them into five groups: the original all-welded Liberty 
ship with square hatch corners; the all-welded Liberty 
ship with rounded hatch corners and other improved 
details; the all-welded Liberty ship with improved 
details and crack arrestors; the Liberty ship with 
riveted shell seams and square corners; and the Liberty 
ship with riveted shell seams, rounded corners and some 
other improved details. The curves in Figs. 2 and 3 
indicate the percentage of Group I casualties and 
Groups I and II casualties per hundred cumulative 
ship-years of operation for every month of service from 
October 1942 until the end of December 1949. For the 
last two years, only two groups of Liberty ships have 
been operating in any quantity, the all-welded Liberty 
with rounded corners and crack arrestors, and the 
riveted shell seam Liberty with rounded corners; the 
record indicates a fairly uniform rate on the basis of 
cumulative major structural casualties per hundred 
ship-years in service. The rate as of Jan. 1, 1950, 
is 0.55 in Liberty ships built with welded seams and 
having riveted gunwales and rounded hatch corners, 
and 0.14 for Liberty ships built with riveted shell seams 
and rounded hatch corners. 
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T-2 Tankers 


All T-2 Tankers which are operating today have been 
fitted with at least four riveted crack arrestors (one in 
the bottom shell on each side near the lower turn of the 
bilge, and one in the deck on each side over the wing 
tanks). Curves in Fig. 4 give a comparative record 
of structural performance of T-2 Tankers both with 
and withouc crack arrestors. By the end of 1948, all 
Tankers were fitted with crack arrestors, and Jan. 1, 
1950, the casualty record was reduced from 2.0 to 0.7 
for Group I fractures per hundred ship-years. 


Victory Ships 


Based on the service record of 1700 ship-years, up to 
Jan. 1, 1950, no major structural casualty has been 
reported in this type of vessel as originally built. The 
need for care in design and workmanship in performing 
ship modifications is emphasized by the occurrence of a 
14-ft. fracture in the main deck during reconversion of 
a Victory ship in which the deck house was being ex- 
tended forward. An examination disclosed that the 
fracture originated and propagated in a defective weld 
of an insert plate used to close openings in the main 
deck in way of the extended deckhouse. 
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Stress Studies of Welded Ship 
Structure Specimens 


Author’s Closure 


Capt. Roop has given a comprehensive summary of 
the factors which should be considered in laboratory 
tests of structures which are subjected to a complicated 
system of loads in service. 

The difference of opinion as to the effect of lightening 
the bottom plate of the specimens can be resolved on the 
basis of data which has since been obtained on a full- 
scale specimen. This specimen was identical to 
Specimen 1 except that the hull plate was the full thick- 
ness (*/, in.) and the width of the plate was 18 in., in- 

tead of 15 in. The tests of the full-scale specimen in- 
dicated that no significant change occurred in the 
division of load between the bracket and the hull 


Paper by Wm. R. Campbell and discussions published in the Research 
Supplement to the February 1951 issue of Tas We.pine JourNat, pp. 68-s 
78-8. 


plate. Stresses on the bracket remained approximately 
the same, but the average stress on the bottom plate was 


reduced 36%. The ratio of the average hull stress to 
the average bracket stress was reduced from 3.0 to 1.8. 
The heavier bottom plate appears to give a better bal- 
ance between the elongations above and below the long- 
itudinal cutout. 

The discussors have advanced two different explana- 
tions as to better performance of Specimen 3 over that 
of Specimens 2 and 4. It is probable that the tripping 
bracket supporting the main bracket in Specimen 3 
substantially adds to the stiffness and load-carrying 
capacity of this specimen. However, as Cmdr. McIn- 
tosh and Mr. Robertson suggest, the material retained 
in the longitudinal in Specimen 3 is useful in preventing 
excessive elongation of the bottom plate next to the 
bulkhead. It should be remembered that the average 
stress on the hull plate is nearly three times the average 
bracket stress. It seems probable that the greater 
elongation of the hull plate over that of the bracket in- 
creases the stress concentration at the lower edge of the 
bracket. The web of the longitudinal, which must de- 
form in shear, tends to restrain the elongation of the 
bottom plate and is therefore useful material. 


Some Metallurgical Aspects of 
Ship Steel Quality 


Discussion by W. J. Harris, Jr. and 
J. A. Rinebolt 


The very useful results obtained by the authors re- 
flect the care which they have taken in preparing and 
testing many heats of steels. 

It is interesting to compare the effects of alloying ele- 
ments on the transition temperature of keyhole bars of 


W. J. Harris, Jr. and J. A. Rinebolt are with the Naval Research Laboratory, 
Washington, D.C 


Paper by H. M. Banta, R. H. Frazier, and C. H. Lorig was published in the 
esearch Supplement to the February 1951 issue of Tae Wetotne JourRNna., 
79-s-89-s. 
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the authors’ semikilled steels and of the V-notch bars of 


0.30% C, 1.00% Mn aluminum-killed steels studied by 
Rinebolt and Harris.* 
by vsing the 15 ft.-lb.-transition temperature for the 
V-notch bar* and the 20 ft.-lb. transition temperature 
for the keyhole bar. 

It is found that carbon, phosphorus, 
silicon above 0.10% 
both steels to the same degree, that sulphur has no 
effect and that manganese decreases transition tempera- 
ture to approximately the same extent in both steels. 

The excellent correlation particularly significant 
since it suggests that deoxidation practice has little in- 
fluence on the relation between composition and notch 
toughness. Furthermore, it demonstrates that the two 
test bars yield comparable results. 


The best correlation is obtained 


vanadium and 
increase transition temperature in 


* Effects of Alloying Elements on Notch Toughness of Pearlitic Steels,” by 
J. A. Rinebolt and W. J. Harris, Jr., ASM Preprint, No. 33, 1950 
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Welded Reinforcement of Openings in Structural 
Steel Members 


» Determination of the effectiveness of three types of arc-welded rein- 
forcement, face bars, single doubler plates, and insert plates, for circular, 
square with rounded corners and square with sharp corner openings 


by D. Vasarhelyi and R. A. Hechtman 


Synopsis 


The introduction of an opening within a structural member is 
often necessary to permit the passage of conduit or personnel. 
These openings weaken the structural member by decreasing 
its cross-section area as well as by producing a region of stress 
concentration. 

The experimental investigation reported herein had as its 
purpose the determination of the effectiveness of three types of 
are-welded reinforcement for openings in plain-carbon structural 
steel plates loaded under uniform tension. The opening was 
centrally located in each plate and had a width equal to one-fourth 
of the width of the plate. Included in the present report are 
tests at room temperature of two plain plates without openings, 
three plates with unreinforced openings and eighteen plates with 
are-welded reinforcement around the opening, Three types of 
welded reinforcement were investigated: face bars, single 
doubler plates and insert plates. The plates without reinforce- 
ment and those with each type of reinforcement were fabricated 
with three different shapes of openings: circular, square with 
rounded corners and square with sharp corners. 


TEST AND TEST METHODS 


Specimen Steel and Welding Electrode 


All the specimens for this series of tests were com- 
pletely fabricated from the same heat of steel. This 
steel, hereafter designated as Steel U, was a plain- 
carbon semikilled grade, meeting A.S.T.M. Spec. No. 
A7—49T and was used in the as-rolled condition. The 
chemical analysis of this steel was as follows: 


Dr. D. Vasarhelyi and Assoc. Prof, R. A. Hechtman are with the University 
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Table 1—Mechanical Properties of Plates of Different 
Thickness. Semikilled Steel U As-Rolled 


Ultimate 
Upper yield strength, 


Thickness, 
point, psi. 


Elongation Reduction 
in 8-in., % of area, % 
32.6 55.6 
31.2 54.0 
29.1 50.4 


Sipetingespetin are average of results of two tests of A.S.T.M. 
standard flat tensile coupons. 


The tensile properties of this steel as determined by 
tests of two or more A.S.T.M. standard flat tensile 
specimens cut from each plate are given in Table 1. 

The coated welding electrode was '/s and °/y in. in 
diameter and met A.W.S. Spec. E-6010. 


Details of Test Specimens 


Sketches showing the five types of specimens and 
the details of the welding appear in Figs. 1-4. All 
plates had a test section with the same dimensions, 
36 in. wide by '/, in. thick, as shown in Fig. 1. The 
outer edges of the specimens and the circumference of 
the opening were flame-cut to shape and ground to 
remove the roughness left by the flame-cutting. The 
doubler plates and the insert plates were also flame-cut 
to shape. However, the face bars were sawed to width 
from 48-in. plates rather than flame-cut, in order that 
the internal stresses in the face bars might be similar to 
those in hot-rolled bars, which would ordinarily be 
used for this kind of structural detail. The face bars 
were cold-bent to shape and spliced with single V-butt 
welds on the vertical center line of the specimen. 

All fillet and edge welds were laid in one pass of the 
welding electrode. The double V-butt welds re- 
quired one pass on each side of the plate. The surface 
of the edge bead on the circumference of the opening 
in the specimens with doubler plates was ground to 
remove the surface roughness, 
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pst. 
1 32,800 61,100 
36,500 61, 100 

44,500 65,700 

j 
7 

4 


WELD TO PULLING 
HEADS 


= 
EQUAL SPACING ON BOTH 
FACES OF SPECIMEN i 


_GAGE LENGTH=36" 


Spec. No. 1 and 23 
Fig. 1 Details of plain plates and plates with unreinforced openings 


Spec. No. 10 


Fig. 2 Details of plates with openings reinforced by a face bar 
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DETAIL FOR ALL f DOUBLERS 


TYPICAL 90 DEG. EDGE WELD 


Fig. 4 Details of plates with openings reinforced by an insert plate 
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Because heat-straightening might introduce undesir- 
able stresses and adversely affect the ductility of the 
steel, a jig was built in which the specimen to be welded 
could be clamped between two heavy plates and rotated 
through an angle of 180° to permit the laying of all 
welds in the flat down-hand position. The maximum 
warpage which resulted from this welding procedure 
was not greater than '/2 in. in the 7-ft. length of the 
specimen. 

The method of fabrication followed very closely the 
usual procedure in a fabricating shop except that more 
care was taken in cutting the structural details to ex- 
act dimensions and in holding the welds to the specified 
size than is required by commercial specifications. 
The specimens were not tested until at least seven days 
after welding. 


Method of Testing Plate Specimens 


The plate specimens were tested in a 2,400,000-lb. 
capacity universal hydraulic testing machine. A 
typical plate specimen mounted in the testing machine 
and ready for testing may be seen in Fig. 5. The load 
was applied slowly to the specimen, and readings of the 
gages taken at frequent intervals. 


Gaging and Measurements 


The principal measurements made were the elonga- 
tion on a 36-in. gage length straddling the region 
around the opening and the unit strain distribution in 
one quadrant of the specimen lying between the verti- 
‘al and the horizontal center lines. The 36-in. gage 
length bridged most of the portion of the specimen in 
which the unit stresses were nonuniform. The 36-in. 
gages were located on both faces of the plate as shown 
in Fig. 1. 

SR-4 electric strain gages were mounted on both 
faces of the plate to determine the unit strain distribu- 
tion in the one quadrant of the specimen in the elastic 
range and the early plastic range. The number of 
SR-4 gage readings on the single specimens varied from 
33 to 56 according to the shape and the kind of the 
reinforcement. 


RESULTS OF TESTS 


Introduction and Definition of Terms 


No two of the 21 plate specimens with openings were 
alike, and, accordingly, comparisons of the results of 
these tests must be made on a rather broad or general 
basis. Duplicate tests of any of these specimens would 
undoubtedly have given somewhat different results. 
It was found quite often that the plates with the same 
shape of opening behaved more nearly alike than the 
plates with the same type of reinforcement. Trends are 
shown wherever the data indicated definite relations 
between the variables. All the tests described in this 
report resulted in completely ductile fractures. 
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Fig. 5 Typical specimen mounted in 2,400,000-Ib. testing 
machine and ready for testing 


Some of the terms to be used in the following sec- 
The elongations meas- 


tions should be clearly defined. 
ured over a 36-in. gage length at five points across the 
width of the plate as shown in Fig. 1 were averaged 
and the resulting value called the average elongation 
on the 36-in. gage length. The term, load at general 
yielding, of the specimens was applied to the point 
where a definite elbow appeared in the plot of the total 
load against the average elongation on the 36-in. gage 


length. 
The ultimate load, the maximum load sustained by 
the specimen, was divided by the original net cross-sec- 


tion area of the specimen to give the value of the maxi- 
mum average net stress or ultimate strength of the 
plates. The total load on the specimen was plotted 
against the average elongation on the 36-in. gage 
length for each specimen. The area under this curve, 
or any portion of it, represented the energy absorption 


of the specimen up to the point under consideration. 


Two values of the energy absorption have been re- 
ported, the energy to ultimate load and the energy to 
failure. 

The three shapes of opening will be referred to as 
circular, square with rounded corners and square. 


| 
; 


The dimensions and the corner radii of these openings 
are shown in Figs. 1 to 4, inclusive. The plates with- 


out openings will be called plain plates. 


In computing the percentage of reinforcement, the 
unreinforced plates with openings one-fourth of the 


full width of the specimen were considered as having 


LOAD IN KIPS 


o—e—8 


SPEC. NO.2 
SPEC. NO.3 


SPEC NO4 
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Fig. 6 Comparison of load and average elongation on 36-in. gage length for 
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AVERAGE ELONGATION ON 36 IN. GAGE LENGTH — INCHES 


plates with an unreinforced opening 


zero percentage of reinforcement. 
A reinforced plate with a net cross- 
section area equal to the area of 
the plain plate would have a per- 
centage of reinforcement of 100%. 


Comparison of Load on Speci- 
men and Average Elongation 
on 36-In. Gage Length 


The total tension load on the 
specimen was plotted against the 
average elongation on the 36-in. 
gage length to obtain the results 
shown in Figs. 6 to 9, inclusive. 
The specimens are grouped in each 
plot according to the type of rein- 
forcement. The plates with un- 
reinforced openings, as shown in 
Fig. 6, followed almost a common 
curve as the load increased until 
a point near the ultimate load of 


SPEC. NO. 6 
SPEC. NO. 7 


SPEC. NO. 8 
SPEC. NO.9 
SPEC. NO.I1O 


> 


3 4 


AVERAGE ELONGATION ON 36 IN. GAGE LENGTH— INCHES 
Fig. 7 Comparison of load and average elongation on 36-in. gage length for plates with openings reinforced by a face bar 
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AVERAGE ELONGATION ON 36 IN. GAGE LENGTH— INCHES 


each specimen was reached. Spec. 
No. 3 with the square opening 
sustained a smaller average elon- 
gation than Spec. No. 4 with the 
square opening with rounded cor- 
ners. Spec. No. 2 with circular 
opening underwent the largest 
average elongation of the three 
plates. 

The behavior of the plates with 
reinforced openings, shown in Figs. 
7, 8 and 9, was similar to that of 


the unreinforced plates except 
that higher loads were reached 
because of the increased cross- 


section area added by the rein- 
forcement. The smallest average 
elongation consistently occurred 
in the plates with square openings, 
while the average elongation of 
the plates with square openings 
with rounded corners and of those 
with circular openings varied con- 


pats for siderably, but were of the same 
order of magnitude. 
600 
600 
400 
a 
x 
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AVERAGE ELONGATION ON 36 IN. GAGE LENGTH — INCHES 
Fig.9 Comparison of load and average elongation on 36-in. gage length for plates with openings reinforced by an insert 
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Table 2—Strength and Energy Absorption of '/,-In. Plain Plates and Plates with Openings 


Net 
cross- 
section 
area, 
sq. in. 


Percentage 
Size of ae of reinforce- 
ment 


radius, 
Shape in. 


General yielding Ultimate strength Energy absorption 
Test, Net Net in 1000's, — in.-lb. 
Load, Load, stress, To ultimate To failure 
lb. i. load 


Plain Plates 


9.07 
9.14 


100 
100 


None 
None 


81 
76 


Plates with unreinforced openings 


Circular... 
Square a 0 
Square I! 


76 43, 
72 292,000 43,250 
78 292,000 43,250 4 


Plates with openings reinforced by a face bar 


Circular 
Circular 
Square 
Square 
Square 
Square 


324,000 42,500 517,000 67,800 
324,000 45,500 457,000 64,200 
322,000 42,230 397,000 52,070 
288,000 40,420 391,500 54,950 
319,000 41,840 451,000 59, 150 
313,000 43,930 467,000 65,540 


Plates with openings reinforced by a single doubler plate 


Circular 
Circular 
Square 
Square 
Square 


Square 13"/s x 13"/e x 52 


670 
000 


75 360,000 40,050 555,000 6 

73 331,500 100 488 ,000 

5 337,500 
300 ,000 38. 100 406,000 5 

362,000 220 522) 500 58, 


61, 
62, 
"500 451,500 50,170 
1,600 
060 
61,900 


73 =300,000 38,100 487,000 


Plates with openings reinforced by an insert plate 


Circular 
Circular 
Square 
Square 
Square 


Square 128 x 


74 322,000 41,880 495,000 64,390 
75 «340,000 43,200 521,500 66,300 
301,000 39,660 362,000 47,690 
320,000 41,620 427,000 55,540 
300,000 36,360 478,000 57,940 
73 «319,000 41,490 437,000 56,840 


Ultimate Strength of Plain Plates and Plates with 
Openings 

The ultimate strength of the plain plates and the 
plates with openings is tabulated in Table 2. The ulti- 
mate strength of the 36-in. wide plain plates was ap- 
proximately the same as for the small tensile coupons. 


70,000 


CIRCULAR OPENING 
© SQUARE OPENING, ROUNDED CORNERS 
® SQUARE OPENING 


Percentage of Reinforcement 


720 765 ‘55 
Net Cross-Section Area - Sq. in. 


Fig. 10 Comparison of ultimate strength with percentage 
of reinforcement for plates with openings 
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The ultimate strengths of the plates with openings 
ranged from approximately 75 to 100°) of the ultimate 
strengt) s of the plain plates and the tensile coupons. 
The felation between the ultimate strength and the 
percentage of reinforcement is shown in Fig. 10. The 
plotted points fell into bands according to the shape 
of the opening used in the specimen. The ultimate 
strength increased in the order of the shape of the 
opening as follows: square, square with rounded cor- 
ners and circular. A much smaller variation within the 


Ratio of Half-Width of Opening to Notch Radius-Ry/Ry 


Fig. 11 Relation between the ultimate strength of plates 
with openings and the notch acuity of the opening 
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——Opening— 
4 Corner 
no. 
1 380,000 42,200 588,500 65,390 4018 5276 
23 |_| 390,000 43,330 583,000 64,780 4062 6779 
2 6.92 40,000 65,150 1136 1164 
3 6.82 57,500 52,900 538 
se 4 6.87 21,000 62,350 717 899 
2x'/, 40 7.76 74 1277 1420 
17 7.25 7% 725 910 
the 1x 16 7.13 74 447 730 
2x'/ 40 7.74 72 747 1063 
1 I'/, Ix '/, 16 7.22 8675 1214 1504 
18 D. x 102 9.13 1358 1569 
12 D. x 50 7.99 771 983 
13 «18 18x 104 9.21 387 728 
x x 51 8.02 328 621 
15 9.16 729 1099 
Y 16 8.01 779 1154 
17 12°/, D. x "/s 39 7.71 1196 1361 
18 10'/, D. x 1 50 8.08 1268 1400 
19 D. x 33 7.55 229 548 
20 x 12/4 x 39 7.72 
21 62 8.17 1155 1484 
22 39 7.66 600 974 
4 
of | g? 
} | 70 2 
FST] 


bands for each shape of opening was noted as the ef- 
fect of the type and the amount of reinforcement. 

Since the ultimate strength decreased in Fig. 10 as 
the corner radius of the opening decreased, it was ap- 
parent that the notch-effect of the opening was very 
significant. The relation between the ultimate strength 
of the plates with openings and the notch acuity of 
the opening is shown in Fig. 11. The notch acuity 
of the opening has been expressed in the form of the 
ratio, Ro/Ry, the ratio of the half-width of the open- 
ing to the notch radius which is, in this case, the 
corner radius of the opening. The actual measured 
corner radius of each specimen has been used to com- 
pute this ratio. An increase in the ratio Ro/Ry indi- 
cates an increase in the sharpness of the notch as repre- 
sented by the opening. In Fig. 11, the ultimate 
strength of the plates with openings decreased in a 
linear manner with the logarithm of the ratio Ro/Ry. 


Energy Absorption of the Plain Plates and the 
Plates with Openings 


The energy absorption to ultimate load and to failure 
of the plain plates and plates with openings is tabu- 
lated in Table 2. The energy absorption to ultimate 
load for the plates with openings ranged from 6 to 34% 
of the values for the plain plates. The energy absorp- 
tion to failure for the plates with openings ranged from 
9 to 26% of the values for the plain plates. The maxi- 
mum values of the energy to ultimate load and the 
energy to failure for the plates with square openings 
were less than the minimum value for the plates with 
the other two shapes of opering. 

Figure 12 shows the comparison of the energy ab- 
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Fig. 12. Comparison of energy absorption to failure and 
percentage of reinforcement for plates with openings 
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Ratio of Half-Width of Opening to Notch Radius - Ro/Ry 


Fig. 13 Relation between the energy absorption to failure 
of plates with openings and the notch acuity of the 
opening 


sorption to failure and the percentage of reinforcement 
as well as the net cross-section area of the plate. The 
plotted points in this figure fall into two bands, a 
group of lower values of energy absorption for the 
plates with square openings and a widely scattered 
group of higher values for the plates with the other 
two shapes of opening, the square opening with rounded 
corners and the circular opening. An increase in the 
percentage of reinforcement for the plates with square 
openings brought about no significant change in the 
energy absorption to failure. The trend for the plates 
with the other shapes of openings is less discernible, 
but no sizable increase or decrease in the energy ab- 
sorption to failure resulted in the plates with square 
openings with rounded corners or the plates with cir- 
cular openings when the percentage of reinforcement 
was increased. 

The effect of the notch acuity of the different shapes 
of openings upon the ultimate strength of the plates 
with openings was found to be rather clearly defined. 
A similar relation was found for the energy absorption 
of the same plates, and Fig. 13 shows this relation. 
In general, the logarithm of the energy absorption to 
failure of the plates with openings decreased linearly 
with the logarithm of the ratio, Rg/Ry. The trend, 
however, was somewhat less clearly defined for the 
energy to failure than for the ultimate strength. 


Effectiveness of the Reinforcement 


One purpose of the reinforcement is that of restoring 
as much as possible the properties of the plain plate. 
The ratio of the value of some particular property of 
the plate with an opening to the similar value of the 
plain plate may be called the efficiency with respect to 


Vasarhelyi, Hechtman—Reinforcement of Openings 189-3 


1951 


| 

| 


Table 3—Efficiency of Plates with Openings as Compared 
with Plain Plates 


————-Efficiency compared to plain plate, %——_--— 
General Ultimate 
—yielding—~ ——strength—~. —Energy absorption— 
Average Average To ultimate 
Load stress Load stress load To failure 
Plates with unreinforced openings 
76 101 : 100 28 
76 101 5 82 8 
76 101 5 18 
Plates with openings reinforced by a face bar 
104 


5 
6 
7 
8 
9 
10 


the property under consideration. Table 3 tabulates 
the efficiencies of the various plates with openings with 
respect to general yielding, ultimate strength and energy 
absorption. The average of the values for the two 
plain plates was used as the basis for each comparison. 

From Table 3 there were selected the specimens whose 
efficiencies were greater than 88% with respect to 
ultimate strength and 15% with respect to energy 
absorption to failure. These superior plates with rein- 
forced openings are described in Table 4. The follow- 
ing observation can be made concerning these speci- 
mens: 

1. The nine plates which gave the best performance 
had either circular openings or square openings with 
rounded corners, and all had welded reinforcement 
around the opening. 


Table 4—Ty of Reinforcement Giving the Greatest 
Efficiencies for Plates with Openings Sustaining Com- 
pletely Ductile Fractures 


Spec. Percentage of 
No. Shape of opening Reinforcement reinforcement 
5 Circular 2x '/,-in. face bar 40 
10 Square, rounded 
corners 1 x '/,-in. face bar 16 
Il Circular 18 in. D. x '/ein. 102 
doubler plate 
Circular 12'/, in. D. x '/-in. 
doubler plate 
Square, rounded 18 in. sq. x '/¢in. 
corners doubler plate 
Square, rounded 13'/; in. sq. x */,-in. 
corners doubler plate 
Circular 12*/, in. D. x 
insert plate 
10'/; in. D. x 1-in. 
insert plate 
Square, rounded 15 in. D. x '/;-in. in- 
corner sert plate 


Circular 
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2. Spec. No. 11 which gave the best performance 
and Specs. Nos. 5 and 18 the next best all had circular 
openings. 

3. The nine best specimens included two with face 
bar reinforcement, three with insert plate reinforce- 
ment and four with doubler plate reinforcement. 

One interesting observation about the plates with 
square openings, either reinforced or unreinforced, is 
that their performance was worse in every case than 
that of the unreinforced plates with the circular open- 
ing and the square opening with rounded corners, 
Specs. Nos. 2 and 4, respectively. 


Unit Strain Concentration in the Region Around 
the Opening 


Many SR-4 electric strain gages were located in one 
quadrant of the plates with openings, the quadrant 
lying between the vertical and the horizontal center 
lines of the specimen. A value of unity was assigned to 
the unit strain in the vertical direction in the region 
remote from the opening, and the unit strain concentra- 
tion at various points in the vicinity of the opening were 
computed on the basis of this unit value. Figures 14, 
15 and 16 show the unit strain distribution in three 
specimens with 1- x '/,in. face bar reinforcement 
with the three shapes of opening. These observations 
indicated that each shape of opening possessed a char- 
acteristic form of unit strain distribution whose shape 
was not greatly affected by the type of reinforcement. 
The shape of the various unit strain distributions was 
somewhat similar for the plates with square openings 
with rounded corners and for those with square open- 
ings, but was different for the plates with circular 
openings. 

The strain measurements on the plates with the other 
types of reinforcement resulted in unit strain distribu- 
tion curves which showed the same characteristic form 
for each shape of opening. The point of maximum 
unit strain concentration occurred at the edge of the 
opening in most of the plates. However, in the plates 


Fig. 14 Unit strain concentration in region of opening. 
. No. 6. Circular opening. Face bar reinforcement 
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Fig. 15 qUnit strain concentration in region of o i 
5 ~ pening. 
Spec. No. 10. Square opening, rounded corners. Face 
r reinforcement 


Fig. 16 Unit strain concentration in region of opening. 
Spec. No. 8. Square opening. Face bar reinforcement 


Fig. 17 Unit strain concentration in region of opening. 


Spec. No. 14, Square opening. Single doubler plate 


reinforcement 
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with doubler plate or insert plate reinforcement, there 
appeared a second point of high unit strain concentra- 
tion at the outer edge of the reinforcement as shown in 
Fig. 17. 


DISCUSSION OF TEST RESULTS 


The ultimate strength of the plates with openings de- 
creased in a linear manner as shown in Fig. 11 with the 
logarithm of the ratio, Ro/Ry, where Ro was the half- 
width of the opening and Ry the corner radius of the 
opening. A somewhat similar relation was found in 
Fig. 13 for the energy absorbed to failure. The log- 
arithm of the energy absorption to failure decreased in a 
linear manner with the logarithm of the ratio, Ro/ Ry. 
These relations between the ultimate strength and the 
energy absorption to failure on one hand and the notch 
acuity of the opening on the other hand indicated that 
the notch-effect of the opening was more effective in re- 
ducing the energy absorption than the ultimate strength. 
The ultimate strength of the plates with openings 
varied between approximately 75 and 100% of the 
strength of the plain plates, but the energy absorp- 
tion to failure of the former was only 9 to 26% of the 
same values for the latter. While the ultimate strength 
of the plates with openings approached that of the 
plain plate, the energy absorption to failure of the 
former never was but a small fraction of the energy 
absorption of the latter. 

The plates with openings which sustained the high- 
est ultimate loads and the highest ultimate strength 
also absorbed the greatest amount of energy to failure. 
This statement must be carefully limited to apply only 
to plates undergoing a completely ductile type of frac- 
ture. 

The ultimate load increased, but the ultimate 
strength decreased as the percentage of reinforcement 
was increased. The greater the percentage of rein- 
forcement, the less efficient the reinforcement became. 

No clear relationship between the energy absorption 
to failure and the percentage of reinforcement was 
found for the plates with openings. No sizable change 
in the energy absorption to failure was brought about 
by increasing the percentage of reinforcement. None 
of the types of reinforcement used in these tests was 
effective in increasing appreciably the energy absorp- 
tion of an unreinforced plate with an opening. 

From the result of these tests, some estimate could 
be made of the best possible performance of a plate 
with a reinforced opening. While the average net 
stress at general yielding of the plate as a whole and at 
ultimate strength would approach, or equal the same 
values for the plain plate, the energy absorption to 
failure would probably not exceed 15 or 20% of that of 
the plain plate. 


CONCLUSIONS 


Room temperature tests have been made of two 
plain plates without openings, three plates with unre. 
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inforced openings, and eighteen plates with arc-welded 
reinforcement around the opening. All these tests 
resulted in completely ductile fractures, and all con- 
clusions must be limited to this kind of fracture. The 
results of the present series of tests appear to justify 
the following tentative conclusions with respect to the 
plates with openings: 

1. While localized yielding appeared in the vicin- 
ity of the corners of the opening, general yielding 
did not occur until the average net stress approached 
the upper yield point stress of the tensile coupons. 

2. The ultimate strength of the plates with open- 
ings varied from approximately 75 to 100% of the 
ultimate strength of the plain plates and the tensile 
coupons. 

3. The ultimate strength decreased in a linear 
manner with the logarithm of the ratio, Ro/Ry, where 
Ro was the half-width of the opening and Ry the corner 
radius of the opening. 

4. The energy absorption to failure of the plates 
with openings ranged from 9 to 26% of the same values 
for the plain plates. 

5. The logarithm of the energy absorption to failure 
decreased in a linear manner with the logarithm of the 
ratio, Ro/ Ry. 

6. An increase in the percentage of reinforcement 


increased the ultimate strength of the plates, but 
brought about no sizable change in the energy absorp- 
tion to failure. 

7. The specimens which gave the best performance 
with respect to their strength and energy-absorbing 
capacity were those plates with circular openings or 
with square openings with rounded corners, while the 
plates with square openings consistently gave the worst 
performance. 

8. The nine plates with openings giving the best 
performance included two specimens with face bar 
reinforcement, three with insert plate reinforcement 
and four with doubler plate reinforcement. 
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Some Metallurgical Aspects of Ship Steel Quality 


Discussion by R. W. Vanderbeck 


Any discussion of the interesting paper presented 
by Messrs. Banta, Frazier and Lorig should be pref- 
aced by a brief description of transition behavior. 
When notched specimens of ferritic steel are frac- 
tured at progressively decreasing temperatures, a tem- 
perature range is encountered which is known as the 
fracture transition temperature range over which the 
fracture appearance changes from a fibrous to a pre- 
dominantly granular-appearing one. This transition 
occurs at a relatively high energy level, and a decrease 
in the amount of energy required for breaking accom- 
panies the change in fracture appearance. At rela- 
tively low energy levels and at a lower temperature 
than that of the fracture transition, there is another 
transition which has been called the ductility transition. 


R. W. Vanderbeck is Research Associate with the United States Steel Co., 
Pittsburgh. 


Paper by H. M. Banta, R. H. Frazier and C. H. Lorig was published in the 
Research Supplement to the February 1951 Wetpine JouRNat, pp. 79-s to 
89-8. 
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It is associated with a change in fracture appearance 
of a very small area directly below the notch and rep- 
resents the transition from what may be called tough 
to completely brittle behavior. The authors, in their 
investigation, employed tests for determining both 
transition temperature ranges. In one of the tests, 
the tear test, only the fracture transition was deter- 
mined. It was based upon the change in fracture ap- 
pearance with decreasing temperature. In the other 
test, the Charpy keyhole impact test, only the ductility 
transition was determined. It was selected at the 
20 ft.-Ib. energy level, although it is usually based upon 
the abrupt change from relatively tough to brittle 
behavior. 

It is noted that the investigators in this work have 
placed more emphasis on the tear test transition data 
than on the impact data, as evidenced by the following 
statement: “Since previous work indicates that the 
best correlation with large-scale plate tests, which have 
been generally accepted as indicative of actual service 
performance, has been obtained with tear tests, special 
attention is given to the tear test transition data (i.e., 
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the fracture transition) in this work.”” It would seem 
to be in order to question whether there is any justifica- 
tion for accepting either the tear test or the large-scale 
plate test results as being indicative of actual service 
performance. The investigators who employed the 
large-scale wide plate test determined essentially the 
fracture transition temperatures of the steels investi- 
gated. These fracture transitions were of course as- 
sociated with large changes in energy absorption which 
normally accompany the fracture transition. In these 
wide plate tesis, typical semikilled, open-hearth ship 
plate steels had a fracture transition temperature of 
about 35° F., whereas some of the steels tested had 
transitions as high as 100° F. Furthermore, when these 
steels were tested by the tear test, they had somewhat 
higher fracture transition temperatures. Much steel 
of the types having the higher fracture transition tem- 
peratures as judged by these tests must have gone into 
ships, yet the report entitled “The Design and Methods 
of Construction of Welded Steel Merchant Vessels,” 
issued by the Board of Inquiry, showed that the num- 
ber of fractures per ship-month for vessels in port 
showed a significant increase with decreasing tem- 
perature only at temperatures below freezing. For 
service in heavy seas only one serious failure occurred 
above 62° F. from November 1942 to March 1946. It 
would seem, therefore, that the behavior of ships in 
service is satisfactory at temperatures that would be 
considered hazardous by either the wide plate tests or 
the tear tests. 

So far as is known, the only correlation of actual 
behavior of plates in service with the results from small- 
scale specimens taken from the same plates was ob- 
tained by Williams and Ellinger' in their report, “In- 
vestigation of Fractured Steel Plates Removed from 
Welded Ships.””. Their results indicate good agreement 
between the temperature at about 10 ft.-lb. on the 
Charpy V-notch impact curve and the temperature at 
which the plates failed in service. This temperature 
selected at the 10 ft.-lb. level is associated with-almost 
completely brittle behavior and therefore may be 
expected to correlate quite well with ductility transi- 
tion temperatures in other types of specimens.? An 
example of such correlation between the temperature 
at 10 ft.-lb. on the Charpy V-notch curve and the duc- 
tility transition temperature, selected at the middle 
of the scatter band, for keyhole Charpy specimens is 
shown in Fig. 1. 

These data would indicate that, of the two transi- 
tions used in this paper, the keyhole Charpy ductility 
transition temperature might be more suitable for 
evaluating behavior in ship service than the tear test 
fracture transition. Furthermore, if ductility transi- 
tion temperatures correlate with service performance, 
fracture transition temperatures, in general, will not, 
because ductility and fracture transition temperatures 
do not correlate with each other. This is shown in 
Fig. 2, based on data obtained at Gary Steel Wks., 
for a number of 0.45 Mn and 0.75 Mn open-hearth 
steels. The fracture transitions were obtained by 
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KEYHOLE NOTCH DUCTILITY TRANSITION TEMPERATURE SF 


Fig. 1 Correlation between keyhole notch and V-notch 
Charpy impact results 


Schnadt-type notched-bend tests and the ductility 
transitions by keyhole Charpy tests, and it will be 
noted that, although, as would be expected, there is a 
general trend for the notch-bend fracture transition to 
increase as the Charpy ductility transition increases, 
the spread is much too large to warrant any rigorous 
correlation. 

Perhaps the most well-known example of the lack 
of correlation between ductility and fracture transi® 
tions is for the project steels A and C. The Charpy 
ductility transition temperatures of these steels were 
quite close together but the fracture transition tem» 
peratures, by wide plate tests or by tear tests, differed 
by about 60° F. Since the results did not agree, there 
was a tendency to accept the results of the larger tests 
and to discredit the impact test results. The recent 
correlation of impact test results with behavior in serve 
ice, however, carries the added implication that frag 
ture transitions as determined by wide plate and teaF 
tests are not suitable for evaluating ship service pet 
formance. 
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Fig. 2 Showing the poor correlation between ductility 
and fracture transition temperatures for a number of ship 
plate steels 
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In some experiments it has been found that certain 
variables or additions affect both the fracture and 
ductility transition temperatures in about the same 
manner and, therefore, it has been thought that both 
criteria would result in similar evaluations of the notch 
toughness. Continued investigation is beginning to 
reveal, however, that such factors as nitrogen con- 
tent® and the amount of nonmetallic inclusions in a 
steel affect the two transition temperatures quite dif- 
ferently. Furthermore, in the present investigation, 
silicon is seen to have a greater affect on the Charpy 
transition temperature than it has on the tear test 
fracture transition temperature of the steels con- 
taining 0.50 Mn. 

It is suggested to the investigators that the keyhole 
Charpy transition be selected at a lower energy level 
than 20 ft.-lb. A more logical selection would be at 
the middle of the transition zone, i.e., at the middle 
of the zone in which scatter occurs. Energy-wise, 
this would be at a level of 10 to 15 ft.-lb. for steels of the 
compositions under investigation. 

The effect of the addition of alloying elements on the 
tensile strength should not be overlooked in any in- 
vestigation of the variables affecting transition tem- 
perature. In the paper under discussion, the tensile 
strengths of some of the steels have been increased 
much beyond the 70,000 psi. maximum specification 
limit by alloying additions, with the net result that 
data on the effect of alloying elements without regard 
for the increase in tensile strength might be misin- 
terpreted. In Fig. 3, keyhole Charpy transition tem- 
peratures at 20 ft.-lb. are plotted against tensile strength 
for both the carbon and vanadium series for the so- 
called Class A and Class B steels. It will be noted that 
for both steels the curves obtained by increasing 
vanadium lie to the right of the curves obtained by 
increasing carbon. This would indicate that small 
additions of vanadium raise the tensile strength with- 
out raising the transition temperature, since the curves 


or vanadium should intersect the carbon lines at 
bout 62,000 psi. tensile strength for zero vanadium 
ontent. This effect of vanadium can probably be 
scribed to its action in refining the ferrite grain size. 
rom the data it appears that lowering the carbon con- 
nt of these vanadium steels to produce a tensile 
rength of about 62,000 psi. would give transition tem- 
sratures that are lower than those of the straight 
rbon series at the same strength level. This would 
so depend upon whether lowering the carbon content 
nded to increase the ferrite grain size, as has some- 
times been experienced. 
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Fig.3 The effect of dium on the t le strength and 
transition temperature of Class A and Class B ship plate 
steels 


The Class A and Class B steels with tensile strengths 
of 53,300 and 54,400 psi., respectively, have the lowest 
carbon contents, about 0.15%, and have transition 
temperatures that are relatively high for their strength 
levels. It seems likely that the lower carbon content 
has resulted in some increase in the ferrite grain size 
which in turn has raised the transition temperature. 

The importance of accurately determining the ferrite 
grain size of any steel on which transition temperatures 
are being obtained cannot be overemphasized. If 
this is not done, trends may be ascribed to the direct ef- 
fect of alloying additions when actually they may be 
partially accounted for by differences in grain size. Un- 
published results of studies on the effect of finishing 
temperature on the ductility transition have shown that 
differences in behavior which heretofore appeared 
anomalous are explained by accurate determinations of 
ferrite grain size. 

The effects of the variables being investigated by 
the authors on the notch toughness of steel are of con- 
siderable importance. Future reports will be awaited 
with a great deal of interest, 
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Evaluation of Welded Ship Plate by Direc 


Explosion Testing 


§ Evaluation of relative notch sensitivity of two grades of 
ship plate when welded with several processes and procedures 


by G. S. Mikhalapov 


Foreword 

The research described in this report was sponsored and fi- 
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vision of the Ship Structure Subcommittee. 
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Jonassen, Technical Director, Committee on Ship Steel; Comdr. 
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The views and opinions expressed in this report are those of the 
author and do not necessarily represent the views of either the 
Ship Structure Committee, the Committee on Ship Steel or of the 
Department of the Navy 


INTRODUCTION 


It will be remembered that the Board to Investigate 
the Design and Construction of Welded Steel Merchant 
Vessels placed a major share of blame for the brittle 
fractures which occurred in service in a number of 
ships on the excessive notch sensitivity of the steel 
plate used.'!. This conclusion emphasizes the impor- 
tance of the phenomenon of notch sensitivity and sug- 
gests a need for a thorough evaluation of the notch 
sensitivity of structural materials. It has, indeed, 
stimulated an intensive program of research in this 
field and considerable light has been shed on the notch 
sensitivity of steel plate as a function of its chemistry, 
heat treatment and service temperature. Unfortu- 
nately, much less information is available on the notch 
sensitivity of welded joints. 

It is generally conceded that notch sensitivity is 
essentially poor ductility under triaxial tensile stress 
such as is usually present at points of severe stress 
concentration and severe stress gradients, of which a 
notch is a typical, but not necessarily the only, ex- 
ample. While it is comparatively easy to determine 
the notch sensitivity of a homogeneous material by 
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using notched specimens, in nonhomogeneous mate- 
rials the task is considerably complicated by the dif- 
ficulty of predicting the proper location and orientation 
of a notch to impose the triaxial stress system on the 
most vulnerable component. In the case of a welded 
joint the problem is further aggravated by the geo- 
metrical complexity of the dissimilar regions and by the 
fact that the difference in their mechanical properties, 
particularly yield strength, produces a strain gradient 
of its own which is destroyed or modified by the intro- 
duction of a notch. While a systematic study of the 
weld region with notch location and orientation cover 
ing every conceivable region and plane of weakness 
within a welded joint is possible, the volume of work 
required makes such a study impractical as a means @f 
determining probable relative performance of specifie 
welded structures and welding procedures. Furthe® 
more, there is no assurance that the integrated per- 
formance of all the regions would be the same as that 
of the weakest region tested. Yet adequate knowledge 
of the notch sensitivity of the welded joint is of evén 
greater importance than the knowledge of the notéh 
sensitivity of the plate itself, since welding is usually 
present at all structural points where multiaxial stress@g 
can be expected to occur. 

It is significant that although in welded ships the 
path of fracture does not usually follow the line @f 
welding but runs through prime plate, the origin Of 
fracture in virtually every observed instance is in or @t 
a weld. Though this in itself does not necessarily 
constitute a proof that the weld has a greater not@h 
sensitivity than the prime plate, it does point out that 
since welds are invariably present at structural points 
where triaxial tension occurs, the maximum load- 
carrying capacity of a structure is a direct function of 
the notch sensitivity of its welded joints. It may be 
argued, of course, that refinement of design can elimi- 
nate or at least reduce to a vanishing point, both the 
number and severity of instances of triaxial tension. 
This argument, although plausible in theory, is hardly 
tenable in practice since even if a superdesign did suc- 
ceed in reconciling on paper the two opposites of per- 
fect stress streamlining and functional requirements, 
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flaws in, and limitations of, fabrication techniques are 
almost sure to reintroduce points of stress concentra- 
tion, and hence of triaxial tension, into the finished 
structure. 

The direct explosion test has been developed to per- 
mit the evaluation of notch sensitivity of materials 
without the use of geometrical notches or other geo- 
metrical stress raisers. Sufficient correlation between 
behavior of prime steel plate under the explosive test 
and tests employing notches and other stress raisers 
exists to warrant the assumption that the performance 
of weld joints under the explosion test is closely indica- 
tive of their notch sensitivity. This assumption is fur- 
ther substantiated by a good correlation between per- 
formance of welded joints under the explosive test 
and performance of similar joints in prototypes of ship 
components, such as hatch corners, subjected to static 
loading to destruction.* 7 

The method of conducting a direct explosion test 
has been described a number of times and it is believed 
that only a brief review of the testing procedure is war- 
ranted.* ** It will be remembered that the test 
consists of subjecting a number of identical specimens 
to a blow produced by an explosion of a cylindrical 
charge of an explosive powder packed to a desired 
density. The magnitude of each charge is progres- 
sively increased until an energy value is reached which 
just fractures a specimen. The extent of deformation 
of the specimen subjected to the explosion of a charge 
just below the minimum charge to fracture is noted and 
provides an indication of the maximum deformation 
the material tested can sustain under the test. Speci- 
men failure is said to have occurred when the length 
of fracture exceeds 9 in. 


OBJECTIVE 


During preceding investigations* of the notch sensi- 
tivity of alloy steels in both prime and as-welded condi- 
tion, it was noted that considerable improvement in 

rformance was effected by the substitution of low- 
ydrogen welding electrodes of E-10015 class, in place 

E-7016 electrodes, even though the manner and 

th of fracture appeared identical in both cases, the 
acture being confined almost entirely to the prime 
late.’ This in turn suggested the possibility that im- 
rovement could be effected in the performance of 
elded mild-carbon steel through the use of more notch 
tough electrodes. Indeed, it appeared possible that the 
notch sensitivity of the welded joint may be as much a 
function of the welding procedure used as of the notch 
sensitivity of the prime plate. 

Accordingly, a brief investigation was carried out to 
determine whether variation in welding procedure, 
primarily welding electrodes, had an appreciable ef- 
fect on the notch sensitivity of the finished joint and 
whether this effect was comparable to that produced 
by a difference in the quality of the prime plate. 


196-s 


Mikhalapov—Evaluation Ship Plate 


METHOD OF INVESTIGATION 


Two types of ship plate were selected, ABS Class B 
and ABS Class C. The Class C steel was rolled to 1-in. 
plate especially for this project instead of to its nor- 
mal over-1 in. thickness because the majority of the 
data thus far obtained with the direct explosion test 
has been on 1-in. plate. It will be seen from their re- 
spective compositions and mechanical properties, 
given in Table 1, that the two types are closely similar 
except for the fact that Class B is a semikilled steel, 
while Class C is silicon-killed with aluminum added for 
fine grain. Two types of manual electrodes were used, 
Class E-6010 and an alloy electrode containing ap- 
proximately 1.75% Ni and 0.50% Mo, shielded with 
lime type, low-hydrogen coating and falling within 
A.W.S. Class E-10016. In addition, a submerged are 
process using a standard 2% Mn electrode was used. 
The joint preparation was as follows: 


Table 1—Composition and Mechanical Properties of the 
1-In. Thick Ship Plate Used 


Ladle analysis ABS Class B, % ABS Class C, % 
Cc 
Mn 
Si 
P 
8 
Average mechanical properties 

Yield point, psi. 35,200 

Tensile strength, psi. 60,900 

Elongation, % in 8 in. 27.6 


1. Manual weld: 60° double V, *°/3-in. root open- 
ing, 0 root face, root pass made with °/j-in. diameter 
electrode, chipped out to sound metal and welded with 
three passes on each side, using '/,-in. diameter elec- 
trode. A total of seven passes. 

2. Submerged arc weld: 90° double V, -in. root 
face, 0 root opening welded with three passes of '/s-in. 
diameter electrode from each side for a total of six 
passes. 

3. Submerged arc weld: Front—single-U, !'/i¢ in. 
deep, 7/16 in. radius, '/;-in. root face, 0 root opening, 
submerged are welded with 10 passes of '/s-in. electrode. 
Back—*/,» in. radius, U-groove welded with two passes 
of '/,-in. Class E-6010 electrode. 

No preheat was used and the interpass temperature 
was held at approximately 200° F. All welds were 
radiographed and, with three exceptions, were radio- 
graphically sound, though a few cases of considerable 
porosity were observed. The exceptions consisted of 
three submerged arc-welded specimens, joint No. 2, 
which exhibited incomplete penetration for about 4 in. 
in the center of the joint. The submerged are joints 
were welded four at a time and flame cut to final dimen- 
sion. 

Joint No. 3 of the submerged arc-welded joints was 
tested with the face of the submerged are weld in 
tension and the explosive charge in contact with the 
back of the weld. A total of eight sets of specimens was 
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prepared, three using fully killed steel and five using 
semikilled steel. Submerged arc-welded specimens were 
made on semikilled steel only. 


DISCUSSION OF RESULTS 


Results of the tests are given in Table 2 in tabular 
form and are summarized graphically in Fig. 1. Figure 
2 shows the relation between applied energy and de- 
formation produced at room temperature. These re- 
sults confirm similar relations developed previously.* 
Typical fractures obtained during direct explosion 
testing are shown in Figs. 3, 4, and 5. 

Referring to Table 2, all fractures observed were of 
the cleavage type. However, unwelded plates of 
fully killed Steel C exhibited a range of partial fracture 

that is, a range of energies wherein fracture did not 
extend from edge to edge of the specimen—nor, in some 
vases through the entire thickness of the plate. At 
room temperature this range was quite wide (nearly 
200 gm., or roughly 25°% of total energy to fracture). 
Therefore, in so far as resistance to fracture propagation 
is concerned, Steel C ranks by far the best performer of 
the straight carbon manganese steel plate tested to 
date, at least at above zero temperature. At lower 
temperatures, however, there appears to be little dif- 
ference between Steel C and Steel B, or between Steel C 
and any other carbon manganese steel tested to date; 
as the energy to fracture of all drops to nearly zero at 
—80° F., while at —40° F. the performance of B and 
C steel is quite similar. Some inconsistency appeared 
at —90° F. in performance of Steel B, since partial 
fracture occurred in one specimen at 90 gm., while n@ 
fracture took place in two specimens at 110 and 136 
gm. This inconsistency may be due to the fact that thé 
fractured specimen was kept at —90° F. considerably 
longer, after it apparently reached this temperaturey 
than were the two specimens exhibiting apparently 
greater strength. As a result, the original proceduré 
of maintaining a specimen at the desired temperaturé 
for at least 4 hr. after it has apparently reached thé 
surrounding temperature was followed in all subsequeng 
tests. 

In examining the performance of steels B and C whe 
welded with E-6010 electrode, one is immediately 
impressed with the startling reduction in the plate 
deformation prior to fracture—and hence a reductiogj 
in energy to fracture—which takes place even at roon 
temperature as the result of welding. 

Furthermore, this increase in notch sensitivity is 
roughly the same for both steels (from 3.69 in. depth of 
cup and 700 gm. energy to fracture to 1.52 in. and 240 
gm. for Steel B and from 3.24 in. and 740 gm. to 0.80 in. 
and 180 gm. for Steel C), suggesting that the use of 
fully killed steel does little to improve the load-carrying 
capacity of structures as long as conventional welding 
procedure is used. 

It is also interesting to note that plates welded with 
E-6010 electrodes become nearly completely brittle, 
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Fig. 1 Effect of temperature on minimum energy to fracture welded and unwelded ship plate 1 in. thick 


fracturing with virtually no plastic deformation at 
temperatures as high as 32° F., as compared to be- 
tween —70° and —80° F. in cases of unwelded plate. 
A typical fracture of a plate welded with E-6010 elec- 
trodes and tested at 32° F. is shown in Fig. 5. 

By comparison with the relatively poor perform- 
ance of plates welded with E-6010 electrodes, the per- 
formance of the same plates welded with E-10016 elec- 
trodes is very much superior as shown in Fig. 1. Fur- 
thermore, the use of this alloy welding electrode brings 
out a difference between the two steels, particularly at 
low temperatures. Thus at room temperature alloy 
electrodes raised the performance of Steel B joints from 
1.52 in. depth of cup and 240 gm. to fracture to 2.36 


SYMBOLS CORRESPOND TO THOSE IN FIG! 


ENERGY - CHARGE iN GRAMS 


2 30 
OF ISINCH Siamerer cuP - INCHES 


Fig. 2 Effect of applied energy on specimen deforma- 
tion—room temperature tests 
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in. and 420 gm., respectively, an improvement of nearly 
100%, while Steel C joints were improved from 0.80 
in. and 180 gm. to 2.54 in. and 540 gm., a 200°) im- 
provement. The difference between the two steels 
becomes even more pronounced at 10° F. where in the 
case of semikilled steel the improvement produced by 
the low-hydrogen low-alloy electrodes is lost; whereas 
performance of joints of fully killed fine grain steel 
shows comparatively little deterioration. As a result, 
the energy absorption at 10° F. of fully killed steel 
joints welded with low-hydrogen low-alloy electrodes is 
four times that of the semikilled joints, while the dif- 
ference in plate deformation is even greater (2.03-in. 
deep cup as compared to 0.13-in. deep cup). It will be 
remembered that the performance of these steels is 
indistinguishable when welded with E-6010 electrodes. 

As mentioned above, in semikilled steel improvement 
in performance produced by the use of E-10016 elec- 
trodes decreases rapidly with lowering temperatures 
and is completely lost by the time 10° F. is reached. 
It is, therefore, particularly gratifying to observe that 
in this same steel the improvement produced by the 
submerged are process is not only greater at room tem- 
perature but extends down to as low as —40° F. In 
fact, at —10° F. the performance of submerged are 
welds is, in general, comparable to that of E-6010 welds 
at 70° F., and at —40° F. is superior to the perform- 
ance of fully killed fine grain steel welded with E-10016 
electrodes. It is important to note that the benefit 
of the submerged arc weld was largely lost when it was 
made from one side only and the root of the joint 
sealed with two passes of E-6010 electrode, even though 
in testing the root of the weld was predominantly in 
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Fig. 3 Typical fracture of prime plate Fig. 4 Typical fracture of welded plate Fig. 5 
at room temperature 


at room temperature 


compression. Examination of the fractures in this type 
of joint reveals that the fracture started in all cases in 
or at the two root passes made with E-6010 weld 
metal. 

In examining the path of fracture in welded joints 
it will be seen that unlike alloy steel joints, the mild 
steel joint appears at the first glance to be stronger than 
the parent plate, since with the exception of one, or 
occasionally two, transverse fractures across the weld, 
the entire path of fracture is confined to metal unaf- 
fected by welding as shown in Figs. 4 and 5. This is 
hard to reconcile with the apparent influence of weld 
procedure on performance reported above. Further- 
more, it is difficult to understand why, if one of the 
weld components fails first, the failure does not follow 
the zone of its origin, but propagates into what appears 
to be a tougher region of parent metal. Indeed, there 
are plenty of instances of the former behavior in alloy 
steel joints, where fracture starts in either the weld 
metal or in the heat-affected zone, and then propagates 
through one or both of these regions 

Whatever the explanation, the fracture in mild-steel 
specimens almost invariably takes place transversely 
across the axis of the weld and then travels either at 
90° or 45° to the axis of the weld. Of course, if it could 
be demonstrated that the weld possesses some direc- 
tional property which makes weld metal fracture trans- 
versely at a lower stress than longitudinally, this be- 
havior would be more readily understandable. Or, 
if the fracture were not preceded by appreciable plastic 
deformation, it could be argued that the locked up 
residual stresses were responsible for the predominance 
of transverse fractures. However, since in the majority 
of fractures appreciable plastic flow does take place, and 
since the transverse fractures occur only where the 
weld metal joins notch sensitive material, the correct 
explanation of the mechanism of fracture must be post- 
poned until more data is available. 

It may be interesting to speculate on the relative 
importance of the factors responsible for the difference 
in performance observed between welding procedures 


1951 


Typical fracture of welded plate 
at subzsero temperature 


investigated. The major differences between the two 
steels used were in silicon and oxygen content and prob- 
ably in grain size, while the major differences between 
the processes were in the amounts of hydrogen present 
in the are atmosphere and in the alloying elements in 
the weld metal. In general, it could be expected that 
the lower the gas and the higher the alloy content of the 
weld, the better would be its performance, and the 
results obtained appear to be consistent with these ex- 
pectations. The relative importance of the different 
factors is not, however, clear. It is probably true that 
the improved performance of E-10016 joints is caused 
both by the reduction of hydrogen content and by the 
introduction of nickel and molybdenum into the weld, 
It also seems probable that with these two factors 
present, reduction of oxygen content produces further 
benefits. It appears, however, that the lower oxygen 
content of fully killed steel is not sufficient to compen¢ 
sate for the high hydrogen content of E-6010 electrodes, 
On the other hand, the reduction of hydrogen to nearly 
zero by the use of fritted flux in the submerged-ar¢ 
process, appears to be more effective than either thé 
reduction of the oxygen content of the parent plate of 
the addition of alloying elements. These conclusionsy 
however, must remain tentative, at least until addi 
tional data is obtained, such as performance of full¥ 
killed steel welded with the submerged-are process, an@ 
the performance of both killed and semikilled steel# 
when welded with the submerged-are process using elecs 
trode wire of alloy content equivalent to E-10016 elecs 
trodes. 


CONCLUSIONS 


On the basis of the data obtained during this in- 
vestigation the following tentative conclusions ap- 
pear to be pertinent: 

1. Performance of prime plate of both killed fine 
grain and semikilled steels tested appears to be closely 
comparable to other carbon-manganese steels tested in 
the past. 
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2. Performance of prime plate of the killed fine 
grain steel appears to be slightly but not significantly 
better than that of semikilled steel. 

3. Performance of both killed fine grain and semi- 
killed steels when welded with E-6010 electrodes is ap- 
proximately 30% that of the unwelded plate at room 
temperature. 

4. All fractures were of the cleavage type. 

5. Both the killed fine grain and semikilled steels, 
when welded with E-6010 electrodes, fail essentially in a 
brittle manner with virtually no plastic flow at tem- 
peratures as high as 10° F. as compared to —80° F. 
for brittle failures of unwelded plate. 

6. Performance of both killed and semikilled steels 
when welded with the low-hydrogen low-alloy elec- 
trode of the E-10016 type is greatly superior to the 
performance of these steels when welded with E-6010 
electrode. However, performance of fully killed fine 
grain steel in this case is considerably better than that of 
semikilled steel, particularly at lower temperatures. 
Performance at room temperature of semikilled and 
killed steels are approximately 60 and 75% of the prime 
plate, respectively (100° improvement over E-6010 
electrode), and at 10° F., 15 and 65%, respectively 
(300°, improvement over E-6010 electrode for the 
fully killed fine grain steel and none for the semikilled 
steel). 


7. Performance of semikilled steel welded with six 
passes of standard 2% manganese electrode with sub- 
merged-are process is genetally comparable to that of 
fully killed steel welded with low-hydrogen low-alloy 
electrodes, and is greatly superior to the performance of 
semikilled steel welded with either E-6010 or E-10016 
electrodes. 

8. The presence of two back passes of '/,-in. E- 
6010 electrode on a ten-pass submerged-are welded 
joint greatly reduced the performance of the joint even 
though the E-6010 electrodes were on the compression 
side of the specimen during testing. 


Bibliography 


1. Final Report of the Board to Investigate the Design and Methods of 
Cc onstruction of Welded Steel Merchant Vessels, July 15, 1946 
Muller, A., Benz, W. G., Snelling, W. A., and Saibel, Edward, ‘Final 
Report on Applic ation of the Explosive Test to Evaluate Shock Prop verties 
of High Yield-Strength Steels,” Ship Structure Committee Report, Serial 
No. SSC-29, July 13, 1949 
3. DeGarmo, E. Paul, Meriam, J. L., and O'Brien, M. P., “Causes of 
Cleavage Fracture in Ship Plate: Hateh Corner Tests,’ Ship Structure 
Committee Report, Serial No. SSC-5, Oct. 23, 1946 
4. DeGarmo, E. Paul, “Tests of Various Designs of Hatch Corners for 
Ships,”’ Preprint, A.W.S. Annual Meeting, Chicago, Il., Oct. 20-24, 1947 
5 Boodberg, A., and Parker, E . Transition Temperatures of Struc- 
tural Steels," Tae Journat, 28 (4), Research Suppl., 167-s to 
177-8 (1949). Also Ship Structure Committee Report, Serial No. SSC-28 
6. Snelling. W “Direct Explosion Test for Armor and Ship Plate 
Prime and Welded Pilate Tests,’ Ship Structure Committee Report, Serial 
No. SSC-4, Aug. 30, 1946 
7. Mikhalapov, G. 8., “Structural Strength of the Welded Joint 
Lecture for 1947, Tae Journat, 27 (3). 193-206 (1948) 
ikhalapov, G. 8., “Direct Explosion of Welded Joints,” /bid., 29 
( Research Suppl., 109-% to 122-s (1950) 


Appendix 


Steel Electrode 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 


Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 
Semikilled 


ne 


Mikhalapov—Evaluation Ship Plate 


Performance of l-In. Thick Ship Plate 


Charge, Depth of 
st 4 gm. dish, in. Extent of fracture 

3.07 None 

3.56 Incomplete, 3 in. F, 6 in. B 

3.64 None 

; Complete, 2 pes., Cl. 

Complete, 2 pes., Cl. 
None 
None 
Complete, 14 pes., 92 in. Cl. 
Complete, 12 pes., 104 in. Cl. 
Complete, 13 pes., 112 in. Cl. 
None 
Incomplete, 14 in. F, 37 in. B. 
Complete, 4 pes., 39 in. Cl. 
Complete, 3 pes., 32 in. Cl. 
None 
None 
Incomplete, 24 in. Cl. 
Complete, 6 pes., 58 in. total Cl. 
Complete, 2 pes., 40 in. total Cl. 
None 
1/,in. TW*, B. 
Incomplete, 17 in. F, 24 in. B. 
Incomplete, 10 in. F, 19 in. B. 
Complete, 4 pes., 46 in. Cl. 
8 in. crack, back only 
12 in. erack, back only 
17 in. crack, back only 
Complete, 4 pes., in. 46 total Cl. 
Complete, 6 pes., 64 in. total Cl. 
None 
None 
None 
Complete, 4 pes., 46 in. Cl. 
Complete, 3 pes., 52 in. Cl. 
None 
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‘ 
No. 
Q- 9 
15 
Q14 
10 
4 
12 
13 
7 
8 
3 
i 
1 
2 
il 
10 
Me 13 6010 
3 6010 
5 6010 
12 6010 
6 6010 a. 
15 6016 
1 6010 
8 6010 : 
6010 
9 6010 
2 10016 
6 10016 
7 10016 
4 10016 


Performance of 1-In. Thick Ship Plate 
Temp., Charge, Depth of 
F. gm 


No. Steel Electrode dish, in. Extent of fracture 
11 Semikilled A.W.S. 10016 33 160 1.02 None 
9 Semikilled A.W.8. 10016 34 170 0.90 None 
1 Semikilled A.W.S8. 10016 33 180 Complete, 2 pes., 44 in. Cl 
4 Semikilled A.W.S. 10016 30 200 Complete, 2 pes., 36 in. Cl. 
10 Semikilled A.W.S. 10016 10 60 0.13 None 
5 Semikilled A.W.5. 10016 10 100 0.83 17-in. crack, back only 
8 Semikilled A.W.S. 10016 10 140 Complete, 3 pes., 28 in. Cl 
12 Semikilled A.W.S. 10016 10 220 Complete, 4 pes., 36 in Cl. 
3. Semikilled A.W.S. 10016 9 300 Complete, 6 pes., 68 in. ¢ I. 
Q-3-14 Semikilled Submerged arc, 6 passes 69 300 1.95 None 
7 Semikilled Submerged arc, 6 passes 70 380 2.40 None 
2 Semikilled Submerged arc, 6 passes 70 460 2.74 None 
13. Semikilled Submerged arc, 6 passes 70 540 2.95 None 
10 Semikilled Submerged arc, 6 passes 70 620 Incomplete, 48 in. Cl 
Semikilled Submerged arc, 6 passes 10 sO 0.42 None 
; 9 Semikilled Submerged arc, 6 passes 9 160 1.07 None 
8 Semikilled Submerged arc, 6 passes 9 240 1.54 None 
12 Semikilled Submerged arc, 6 passes 10 320 Complete, 6 pes., 72 in. total Cl. 
15 Semikilled Submerged arc, 6 passes ~—42 140 0.77 None 
E , 4 Semikilled Submerged arc, 6 passes -38 140 Complete, 7 pes., 78 in. Cl 
er 6 Semikilled Submerged arc, 6 passes —39 160 Complete, 9 pes., 85 in. Cl 
= 11 Semikilled Submerged arc, 6 passes -40 180 Complete, 8 pes., 90 in. Cl. 
= 3  Semikilled Submerged arc, 6 passes 42 220 Complete, 11 pes., 90 in. Cl 
Q-4-12  Semikilled Submerged arc, 10 passes 68 400 2.51 None 
4 Semikilled Submerged arc, +6010, 2 passes 70 440 2.68 None 
3 Semikilled Submerged arc, +6010, 2 passes 71 440 2.68 None 
2 Semikilled Submerged arc, +6010, 2 passes 71 460 Complete, 2 pes., 51 in. total Cl. 
1 Semikilled Submerged arc, +6010, 2 passes 68 480 Complete, 5 pes., 62 in. total Cl. 
13. Semikilled Submerged arc, +6010, 2 passes 10 120 0.69 None 
5 Semikilled Submerged arc, +6010, 2 passes 10 120 Complete, 5 pes., 53 in. Cl. 
11 Semikilled Submerged arc, +6010, 2 passes 10 140 Incomplete, 3 pes., 58 in. F, 46 in.B 
14 Semikilled Submerged arc, +6010, 2 passes 9 160 Incomplete, 15 in. Cl. 
10 Semikilled Submerged arc, +6010, 2 passes 9 200 Incomplete, 34 in. F, 28 in. B 
Q-4- 8 Semikilled Submerged arc, 10 passes + 2—6010 passes —40 40 0.12 None 
9 Semikilled Submerged arc, 10 passes + 2—6010 passes —39 50 0.45 Incomplete, 2 in. F, 20 in. B 
6 Semikilled Submerged arc, 10 passes + 2—6010 passes —39 60 0.58 Incomplete, 8 in. F, 10 in. B 
7 Semikilled Submerged arc, 10 passes + 2—6010 passes —40 60 Complete, 4 pes., 39 in. Cl. 
15 Semikilled Submerged arc, 10 passes + 2—6010 passes —40 80 Complete, 6 pes., 75 in. Cl. 
P- 5. Killed, prime None 70 500 2.66 None 
10 Killed, prime None 70 540 2.91 None 
12 Killed, prime None 70 580 3.05 Incomplete, 2'/. ir B only 
4 Killed, prime None 7 640 3.24 Incomplete, 5'/. 3 only 
14 Killed, prime None 70 740 Incomplete, 30 in. 
1 Killed, prime None —40 380 2.04 None 
8 Killed, prime None —40 420 2.20 None 
11 Killed, prime None —40 440 2.33 None 
9 Killed, prime None — 40 460 2.45 None 
13 Killed, prime None —39 460 . Complete, 2 pes., 44 in. Cl. 
7 Killed, prime None —92 80 Incomplete, 8 in. F, 40 in. B 
6 Killed, prime None —89 90 0.12 None 
15 Killed, prime None —90 110 0.46 None 
2 Killed, prime None —90 130 0.59 None 
3 Killed, prime None —91 170 1.05 Incomplete, 14 in. F, 47 in. B 
P-1- 5 Killed, prime A.W.S. 6010 70 120 0.81 None 
15 Killed, prime A.W.S. 6010 68 180 Incomplete, 20 in. Cl. 
11 Killed, prime A.W.S. 6010 68 260 Incomplete, 26 in. Cl 
2_~=s Killed, prime A.W.S. 6010 70 340 Complete, 2 pes., 43 in. Cl 3 
12 Killed, prime A.W.S. 6010 70 420 Complete, 2 pes., 50 in. Cl 
10 Killed, prime A.W.S. 6010 10 60 0.05 None 
° 8 Killed, prime A.W.S. 6010 10 100 0.41 '/, in. TW*, B only i 
9 Killed, prime A.W.S. 6010 10 100 0.49 12 in. crack, B only 
1 Killed, prime A.W.S. 6010 10 120 Complete, 3 pes., 38 in. Cl 
7 Killed, prime A.W.S. 6010 10 140 Complete, 4 pes., 45 in. Cl 
6 Killed, prime A.W.S. 6010 —39 40 0.00 None 
af 4 Killed, prime A.W.S. 6010 —41 50 0.14 Incomplete, 20 in. B 
14 Killed, prime A.W.S. 6010 —38 60 0.22 Incomplete, 4 in. F, 29 in. B 
13 Killed, prime A.W.S. 6010 —40 60 0.09 Incomplete, 17 in. B 
3 Killed, prime A.W.S. 6010 —40 140 Complete, 5 pes., 61 in. Cl. 
P-2- 8 Killed, prime A.W.S. 10016 69 520 2.55 None 
14 Killed, prime A.W.S. 10016 69 540 Complete, 2 pes., 25 in. Cl. 
7 Killed, prime A.W.S. 10016 70 560 Incomplete, 13 in. Cl 
15 Killed, prime A.W.S. 10016 76 580 Complete, 5 pes., 64 in. Cl 
1 Killed, prime A.W.S. 10016 70 600 Complete, 2 pes., 48 in. Cl 
P-2- 2 Killed A.W.S. 10016 10 320 1.79 None 
11 Killed A.W.S. 10016 10 360 1.81 None 
12. Killed A.W.S. 10016 10 380 1.91 None 
5 Killed A.W.8. 10016 10 390 2.02 None 
3. Killed A.W.S. 10016 10 400 Complete, 5 pes., 46 in. Cl 
6 Killed A.W.S. 10016 —39 80 0.26 None 
13 Killed A.W.8. 10016 —39 100 0.34 None 
10 Killed A.W.S. 10016 —42 110 Complete, 4 pes., 45 in. Cl 
4 Killed A.W.S. 10016 —39 120 Complete, 4 pes., 45 in. Cl. 
9 Killed A.W.58. 10016 —4i1 160 Complete, 5 pes., 50 in. Cl 


* Transverse to weld. 
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Statistical Analysis of Tests of Charpy V-Notch 
and Keyhole Bars 


by J. A. Rinebolt and W. J. 
Harris, Jr. 


INTRODUCTION 


HEN Charpy V-notch and keyhole 

specimens are broken in impact over 

a range of temperatures, the energy 
absorbed in breaking goes from high to low 
values and the mode of fracture changes 
from shear to cleavage. If energy and 
fracture appearance are plotted against 
temperature, and a smooth curve is drawn 
through the experimental points, a tran- 
sition temperature may be selected based 
on various criteria such as the temperature 
at which a specified energy level or degree 
of cleavage is obtained on the smooth 
curve (e.g., the temperature of the 15-ft.- 
Ib. level or of 50% cleavage). Materials 
or types of specimens are compared on 
the basis of their transition temperatures. 

Since the experimental data fluctuate 
around the smooth transition curve, the 
transition temperature cannot be deter- 
mined precisely. This scatter in energy 
and in transition temperature can be in- 
creased by lack of adequate control of 
notch contour, specimen dimensions or 
metallurgical characteristics. However, 
when all of these experimental factors are 
controlled as carefully as possible, there 
still remains a degree of scatter which can 
be considered inherent in the test. 

The present study was initiated in an 
attempt to establish the degree of fluctua- 
tion of energy and of transition tempera- 
tures of a very carefully made laboratory 
steel. Results were obtained for Charpy 
V-notch and keyhole specimens for several 
definitions of transition temperature in 
order to determine which of the two speci- 
mens and the various definitions exhibit 
the least scatter. 


J. A. Rimebolt and W. J. Harris, Jr., are with 
the Ferrous Alloys Branch, Metallurgy Division, 
Naval Research Laboratory, Washington, D.C. 
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§ A statistical analysis of tests of Charpy V-notch and- 
keyhole barshasestablished the degree of fluctuationofen- 
ergy and of transition temperatures of a laboratory steel 


PROCEDURE 
Experimental 


All experimental factors were controlled 
as closely as possible. The fifteen heats of 
0.30% C, 1.00% Mn and 0.30% Si steel 
used in this study were made in the course 
of an investigation of the effects of com- 
position on transition temperature.'- Com- 
positions are shown in Table 1. A micro- 
structure of relatively coarse pearlite and 
ferrite with an A.S.T.M. (ferritic) grain 
size of 7-8 was developed by use of a con- 
trolled cooling rate. A detailed discussion 
of the preparation, fabrication and heat 
treatment of the steel is given in refer- 
ence (1). 

Twenty standard Charpy V-notch and 
keyhole specimens were made from each 
of the fifteen heats. Notches were in- 
spected at 50 X for compliance with speci- 
fied shapes and depths. Impact tests 
were conducted over a range of tempera- 
tures using a 264 ft.-lb. capacity machine 
with a striking velocity of 16.4 ft. per 
second. Temperatures of the specimens 
were controlled as described in reference 
(1). Energy absorption was read from 
the machine while the per cent of cleavage 
fracture was estimated by visual examina- 
tion of the fractured surface without mag- 
nification. Separate curves of energy 
and fracture appearance were plotted 
against temperature for each heat. From 
each of these curves, transition tempera- 
tures were obtained. Those based on V- 
notch specimens were the temperatures 
at the 15 ft.-lb. energy level, the average 
energy level, the 50% cleavage fracture 
level and the first sign of cleavage. 
Those based on keyhole specimens were 
the temperatures at the 20 ft.-lb. level and 
the middle of the scatter zone at the lower 
end of the curve. 


Statistical 


Since al] experimental factors were con- 
trolled as closely as possible, it was as- 
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Table 1—Composition 
C,% Mn,% Si, % 

28 «OO. 0.26 
0.27 


= 


+ 


sumed that all of fluctuations in energy 
at a given temperature and in transition 
temperature were statistical fluctuations 
about a mean value. It was further as- 
sumed that the energy and transition 
temperature values were drawn at random 
from a large population of Gaussian or 
Normal distribution.* This appears to 
be reasonable since such a distribution 
fits many sets of experimental data and 
since conclusions drawn on this basis are 
not seriously invalidated by a moderate 
departure from normality.? In a Gaussian 
distribution, there is only a 4.5% prob- 
ability that a single value will deviate 
further from the mean of a population 
more than plus or minus twice the stand- 
ard deviation.§ For simplicity, the 4.5% 
will be rounded to 5% for the balance of 
this paper. 

In order to analyze data on a statistical 
basis, it is necessary to calculate the 


* The Normal distribution is represented by 
the relationship: 


Steel 
C 5A 
A Cu 1A 

4 Mn 3A 
Mn 12A 

Mo 1A 
Ni 1A 
i Ni 6A 

we 3A 
P 5A 
Si 1A 
Si 6A 

iA 
V 1A 

— | 
vn 

| 


mean,t the variance,{ and the standard 
deviation.§ The latter two are measures 
of scatter. To determine if the differ- 
ence in scatter for various definitions of 
transition temperatures is significant, an 
analysis of the variance is required. Such 
a determination can be made by use of the 
F-test,? which on the basis of two sets of 
15 values each, the number used in this 


Xe... -Xn) 
n 


t Arithmetic mean of a sample = 


t Variance (V) = — 


§ Standard deviation (¢) = VV 


— 
n 


study, states that if the ratio of variances 
is greater than 2.48 or less than 0.403, the 
values of the variance are significantly 
different (90% probability ). 

The scatter found for a particular defini- 
tion of transition temperature can also 


Standard deviation of a mean of n values = 
j Vv n 
Variance of a mean of n values = V/n 

where 

visa probability function 

» is the mean value of the population 

X, X:1, Xo, Xn are experimental values. 

¢ is the standard deviation 

V is the variance. 

n is the number of experimental values. 


be expressed as a standard deviation. 
This quantity is used in analyzing the ef- 
fects of a variable such as composition on 
two materials which differ by a controlled 
amount of the variable. If a difference in 
transition temperature results from the 
change, it is necessary to take account of 
the scatter before it is certain that the dif- 
ference is significant. It can be shown that 
the difference must exceed 2.83 times the 
standard deviation for the transition 
temperature definition selected if the dif- 
ference is to be significant with a proba- 
bility of 95%. 
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Fig. 1(B) V-notch fracture appearance 
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The other statistical procedure used was 
probit analysis. This method which was 
used by Vanderbeck* for keyhole bars 
was used on both V-notch and keyhole 
bars in analyzing fractures. In this 
analysis the fractures with a small 
percentage of shear are separated from 
those which have zero shear. The per- 
centage of specimens with zero shear at a 
series of temperatures is plotted against 
temperature on probability paper, from 
which the mean value and the standard 
deviation can be read directly. In this 
treatment, the data were not separated 
into a group for each heat, but were con- 
sidered as a whole. The transition tem- 
perature determined in this way is said to 
represent the onset of complete brittle- 


ness.* 
RESULTS 
Experimental Data 
Experimental values of energy and frac- 


ture appearance are plotted in Figs. 1 (A) 
and 1 (B) for the Charpy V-notch bar and 
in Figs. 2 (A) and 2 (B) for the keyhole 
bar. In addition, 15 values (one from 
each heat) are shown in the figures and in 
Table 2 for each definition of transition 
temperature. Marked fluctuations of 
energy values and of transition tempera- 
tures can be seen. 


Fluctuation of Energy 


For each temperature at which ten 
tests were made, a mean value and an es- 
timate of the standard deviation were 
calculated. Mean values together with 
vertical lines representing plus or minus 
twice the standard deviations of energy 
are shown in Fig. 3 for the V-notch and in 
Fig. 4 for the keyhole bars. It is quite 
clear that there is more scatter in energy 
values when the V-notch is used, since 


the standard deviations are 10.5 for the 
V-notch and 2.0 for the keyhole bars. 


Fluctuation of Transition Tempera- 
ture 


As described previously, the transition 
temperature referred to as the onset of 
complete brittleness was determined by 
the probit analysis method by grouping 
data from all of the heats on a single curve. 
The results are shown in Fig. 5. It is seen 
that the V-notch bar has a higher transi- 
tion temperature (—63° F. as compared 
with —147° F.) and a smaller standard 
deviation (12° F. as compared with 24° 


Mean values of transition temperatures 
and estimates of the variance and stand- 
ard deviation for all other definitions were 
calculated from the data of Table 2 repre- 
senting each of the 15 heats and are listed 
in Table 3. The transition temperatures 


60 


TRANSITION TEMPERATURES 
UPPER X.= 20 FT.LBS. 


LOWER X = MIDDLE OF 
SCATTER ZONE 
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Fig. 2(4) Keyhole notch energy vs. temperature 
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Fig. 2(B) Keyhole notch fracture appearance 
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the scatter zone with the keyhole speci- 


Table 2—Transition Temperature Data men 
, As discussed previously, if a single tran- 
sition temperature is obtained for each of 
:¥ Average 50% Ist Sign of Maximum Minimum two materials, the probability that the 
15 Ft.-lb., energy, Cleavage, cleavage, energy, energy, . 
Steel °F 7, oF Ft.-lh. materials are significantly different is 95% 
Al 3A —48 18 40 120 101 7 if the difference between their transition 
B 1A —58 16 35 100 94 s temperatures is equal to or greater than 
. - - 50 24 70 145 83 6 2.83 times the standard deviation. Values 
iL —52 18 44 90 92 4 
Mn 3A 50 6 50 120 bir 6 of the minimum lift re nee for signific ance 
Mn 12A —68 18 40 100 93 6 are given in Table 3. The minimum dif- 
Mo 1A —48 16 56 120 96 6 ference for significance is the smallest 
4 16 when the average energy transition tem- 
Ni 6: 14 ‘ ‘ 
P 1A 18 50 110 97 6 
P 5A —70 2 30 90 109 4 
Si 1A —62 6 48 96 96 4 scUSS 
Si 6A —62 0 10 60 106 4 DISCUSSION 
y —56 16 27 120 97 5 
V 1A —60 2 36 100 6 It is suggested that these data may be 
’ 7 used in planning an investigation if it is 
Keyhole assumed that the standard deviations are 
ae pe ge Maximum Minimum the same for the materials to be studied as 
20 Ft.-lb., of scatter zone energy energy » walues of Ts at » 
Al 3A ~100 ~125 15 2 availa or each ma na 
B 1A —110 —140 46 2 If the investigation is being made on the 
C SA —76 — 130 40 2 effects of metallurgical variables on tran- 
oe 1A —92 —135 45 2 sition temperature, it may be desirable 
to determine the entire transition curve. 
Mo 1A ~100 145 rr 2 In this case, the 20 bars will be spaced over 
Ni 1A —80 —135 44 2 the entire temperature range; the stand- 
ard deviations given in column 6 of Table 3 
- 142 5 verage energ »fini- 
P 5A — 100 — 137 48 2 will apply , and the average energy defini 
Si 1A —84 —135 416 2 tions will be found to have the least scatter. *y 
Si 6A —114 —152 46 4 If the project is undertaken to compare 
1A —94 — 149 45 two materials with very similar properties 
1A —88 ~ 187 15 2 and to make this comparison with only one 
definition of transition temperuture, it is 
possible to obtain more than a single 
vary from —137 to 103° F. for the same the least variance. As mentioned pre- value of transition temperature using the 
material, depending on the definition and viously, if the ratio of two variances is 20 bars available for each material. Pre- 
the notch used. The estimate of the greater than 2.48 they are significantly cision is increased if more values are avail- i 
variance for each definition is given in different. It can be seen from Table 3 able. The number of bars required to il 
Table 3 together with the ratio between that the variance of the average energy establish a transition temperature varies 
the variance for each of the transition definition is significantly smaller than that with the definition selected. For one 
temperature definitions and that for the of all definitions except the 15 ft.-lb. with average energy transition temperature, 
average energy definition which showed the V-notch specimen and the middle of all 20 are required since the upper and 
Table 3—Mean Transition Temperature and Standard Deviations 1 4 
No. of No. of q 
specimens tran- 
to sition 
Mean Differ- determine tempera- Differ- 
tran- Stand- ence one tures ence H 
‘ sition Ratio ard for tran- deter- Ratio for | 
tempera- Vari- of devi- _signifi- sition mined Adjusted of Adjusted signifi- 
ture, ance, vari- ation, cance, tempera- from 20 variance adjusted standard cance, 
Specimen Definition re ance* F.t ture bars (n) (V)t variance* deviation§ ° F.t 
V-notch 15 Ft.-lb. —57 67.2 1.49 8.2 23.2 5 4 14.3 0.312 1.1 11.6 
Average energy 14 45.9 1.00 6.7 19.0 20 1 45.9 1.00 6.7 19.0 | 
50% Cleavage 42 196.0 4.35 14.0 39.6 5 4 49.0 1.07 7.0 19.8 a 
First sign of 
cleavage 103. 416.0 9.23 20.4 57.8 5 4 104.0 2.27 10.2 28.9 
Keyhole Middle of scat- 
notch ter zone —137 81.0 1.80 9.0 25.5 10 2 41.5 0.905 6.5 18.4 
20 Ft.-lb. —95 135.0 2.99 11.6 32.8 5 4 33.8 0.737 5.8 16.4 


* This is the ratio of the estimate of each variance to that for the average energy definition. 

t This value is 2.83 times the standard deviation. As shown previously the difference between transition temperatures of two materials 
must differ by at least this amount for significance. 

t When n values are available, the variance of the mean = V/n. 

§ When n values are available, the standard deviation of the mean = «/Vn. 


Apri 1951 Rinebolt, Harris—Charpy Notch Tests 205-s 


i 


Fig.3 Charpy V-notch mean energies 

and transition temperatures with 

indications of + twice the standard 
deviation 


lower levels must be measured as well as 
the shape of the curve in the transition 
range. For the 15 ft.-lb. definition, if 
tests are made at only enough tempera- 
tures to obtain energy values immediately 
above and below the 15 ft.-lb. level, a 
curve can be drawn through the data and 
the temperature at 15 ft.-lb. can be se- 
lected. For this purpose, approximately 
one-fourth of the transition curve needs 
to be determined and only one-fourth of 
the 20 bars, or 5 should be required. If 20 
bars are divided into 4 groups of 5 each 
and one transition temperature is ob- 
tained from each group, a mean can be 
calculated, and as shown previously the 
) 50 standard deviation of the mean of 4 
values is ¢/+/4! and the minimum differ- 
ence which must exist between the transi- 
tion temperature of two materials before 
they are significantly different is 11.6° F. 
Based on similar arguments, Table 3 
gives the number of transition tempera- 
tures which could be measured with 20 
bars and an estimate of the minimum 
temperature difference required for sig- 
nificance. From the ratios of the ad- 
MD justed variances, it can be seen that scatter 
SCATTER ZONE—4 for the 15 ft.-lb. definition is significantly 
smaller and that for the first sign of cleav- 
age is significantly larger than the scatter 
° 50 for all other definitions while no significant 
difference exists between the other defini- 
TEMPERATURE °F tions. 

Fig. 4 Charpy keyhole—mean energies and | transition temperatures with indi- The preceding discussions have been 
cation of + twice st based on experiments using 20 bars per 
material. In some cases it may be neces- 
-30 X= V NOTCH O=@ KEYHOLE sary to test fewer bars but to keep pre- 
MEAN=—63°F MEAN=-i47°F cision high. Since the degree of scatter 
om i2°F T= 24°F varies with the amount of data, it is pos- 
sible by testing the proper number of 
specimens to obtain the same scatter for 
each transition temperature definition. 
Of course it is necessary to test all of 
these in the vicinity of the definition being 
considered. In Table 3 it is shown that 
the standard deviations of the average 
energy definition and the first sign of 
cleavage are 6.7 and 20.4° F. and that these 
transition temperatures can be obtained 
with 20 and 5 bars, respectively. As 
shown previously, the number of transi- 
tion temperature determinations which 
must be made to reduce 20.4 to 6.7° F. can 

be calculated as follows: 


ENERGY FT.LBS. 


TEMPERATURE (°F) 


ENERGY FT. LBS. 


° 


TEMPERATURE-*F 
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20.4 
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Fig. '5 Tendency toward complete 
20 30 40 5060 70 80 99 99.9 99.99 te EE. for keyhole and V-notch 
‘specimens WITH 99% OR mone CLEAVAGE- % tests (probit analysis) 
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Fig. 6 Effect of C, Ni and Si as measured by 15 ft.-lb. transition temperature 
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Fig.7 Effect of C, Ni and Si as measured by the average energy-transition tem- 


perature 


If the number of bars for the average en- 
ergy definition is 20(20 X 1) for a scatter 
of 6.7 ° F., the number required to es- 
tablish the first sign of cleavage with the 
same scatter is 47 (5 X 9.3). Table 4, 
lists the number of bars required to deter- 
mine transition temperature for each 
definition with a standard deviation of 
6.7° F.. Some of the differences have a 
low degree of significance in view of the 
similarity of the variances of Table 3. 
The foregoing is based on the scatter of 
small, carefully controlled 
heats of one composition. Its application 
to studies of laboratory heats of other com- 
positions is discussed in Appendix I. Its 
application to investigations of commer- 
cial steels depends on whether or not segre- 
gation, variation in grain size, directional- 
ity and related factors are variable enough 
to increase scatter. If not, the results 
apply directly. If so, the numerical 


laboratory 
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values of Table 3 for the standard devia- 
tions may not apply, but it seems reason- 
able that the choice of the most repro- 
ducible transition temperature will be the 
same as that of Table 3. 

It should be clear that the arguments 
presented relative to selection of a defini- 
tion of transition temperature are based 
solely on statistical considerations. It 
may be that the choice will be dictated 
by other factors such as the possibility 
that some definitions are not sensitive to 
the metallurgical variations which are im- 
portant in service. However, such consid- 
erations are beyond the scope of the pres- 
ent study. 


SUMMARY 


1. The random fluctuation of impact 
energies and transition temperatures have 
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Table 4—Number of Bars to Establish 

Mean Transition Temperature with 

Standard Deviation of 6.7° F. (to 
Nearest Bar) 


Number 
Specimen Definition of bars 
V-Notch 15 Ft.-lb. level 8 
Average energy 20 
50% Cleavage 22 
First sign of cleavage 47 
Keyhole Mid-point of scatter 
zone 18 
20 Ft.-lb. level 15 


been determined for V-notch and keyhole 
specimens. 

2. It has been shown that the energy 
values determined with the keyhole speci- 
mens are more reproducible than for the 
V-notch specimens. 

3. It has been shown that the average 
energy definition using the V-notch speci- 
men has less fluctuation than all other 
definitions when the entire transition 
curve is determined. 

4. It has been shown that by testing 
many bars in a limited range instead of 
determining the transition range with the 
same number of bars, it is possible to es- 
tablish transition temperature with the 
15 ft.-lb. definition with less fluctuation 
than with any other definition. 

5. The number of bars required to 
establish each transition temperature with 
the same standard deviation has been 
calculated. 
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Appendix 


Since transition temperatures have a 
statistical fluctuation about a mean value, 
it is desirable to consider to what extent 
the degree of fluctuation is dependent on 
the composition of the steel and the shape 
of the transition curve. If all steels have 
different degrees of fluctuation, great 
numbers of tests must be made on a large 
variety of materials in order to establish 
standard deviations. If they do not, such 
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data as those presented in this report can 
be used generally. 

A direct approach on this problem could 
be made by testing approximately 300 
specimens for several different steels and 
comparing the scatter. In view of the 
high cost of such a project, another ap- 
proach has been attempted. In a study of 
the effects of composition on transition 
temperature of V-notch specimens, ' regular 
trends were found when alloying elements 
were added to the 0.30%, C, 1.00% Mn, 
0.30% Si steel heat treated to produce a 


constant microstructure. Transition tem- 
peratures were determined for as many as 
20 alloys in a series. It was considered 
that if these data were plotted against 
composition and vertical bands repre- 
senting 2.83 times the standard deviation 
of one steel in the series (taken from 
Table 3) were drawn through each point, 
smooth curves faired through the data 
should touch 95% of the bands, if the 
standard deviations were approximately 
the same for all of the steels. 

Steels with variations in carbon, nickel 


Table 5—Compositions of Alloy Steels 


————Com position- ——_——— 
Element 
varied 

Silicon (Cc) 
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and silicon as shown in Table 5 were se- 
lected from reference (1) and subsequent 
work. These additions changed the slopes 
and heights of the transition curves as 
shown in reference (1). (Keyhole data 
were not available for this study.) 

Transition temperatures according to 
several different definitions are plotted 
against composition in Figs. 6-9 inclu- 
sive, and vertical bands equal to the 
temperature difference for significance 
given in the seventh column of Table 3 are 
drawn through the points. In almost all 
cases, smooth curves intersected the 
bands. 

It may be concluded that changes in 
composition of laboratory heats and in 
shapes of transition curves do not greatly 
change the scatter of data, and the stand- 
ard deviations given in the basic report 
may be applicable to other carefully-made 
laboratory heats. 
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How would you 
weld this 


EVERDUR BEER “POLISHER”? 


Welded 
lifting 
screw and 
davit 


A beer “polisher,” by the way, is the brewer's i ities pe shell 


name for the filter that makes his beer so 
crystal clear. This polisher is made of 
Everpur,* an ANACONDA Copper-Silicon 
Alloy, by the Sparkler Mtg. Co. of 
Mundelein, [linois 


Welded 
Fittings 


Lugs welded to 
reinforcing ring 


This entire Everdur polisher was manually 
welded with inert-gas are and in. Everdu 
Rod. All welds were easily made and com 
pletely satisfactory, including those between 
Everdur and a reinforcing steel plate. 


legs 
welded 


Welded shell seam 
to shell 


There's a correct ANACONDA Bronze Welding 
Rod for nearly every weld and welding 
process. Our Technical Department is always 
ready to help you on any bronze welding 
problem, And if you don’t already have a 
copy of Publication B-13 on ANACONDA 
Welding Rods, write for it now. 


Welded 
Fittings 


Bottom 
welded 
to shell 


AnaconnA Welding Rods are sold by 
distributors throughout the United States. 
The American Brass Co., Waterbury 20, 
Conn. In Canada: Anaconda American 
Brass Ltd., New Toronto, Ontario. wn 


U. 5. Pat. Of, 


One-half inch thick Everdur reinforcing 


Inert-gas arc welds the longitudinal seam 


cf the body, which is formed of Everdur sheet. ring being fillet-welded to body. cover 
for every braze-weld, — 


there's an | 


Welding similar reinforcing ring to Everdur 


™) bronze welding rod 
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ACCURACY... 


PRECISION ...OPERATING ECONOMY 


designed into the all new 


Airco’s NEW No. 50 Travograph is a rugged, all-welded pas 
cutting machine. Its massive, long-lived design is engimeered 
to give fingertip sensitivity to all production Operations. 
Used as a basic tool for multi-torch shape cutting, squaring 
or beveling, its outstanding accuracy slashes rejeet loss and 
working costs to a minimum. 

Today's most modern production tool, thé tigged Rew 
Airco No. 50 Travograph precision-cuts steel=fight plates, 
heavy slabs, billets, forgings—to close tolerangeg, Here are 
the reasons for its remarkable exactness . . . the “why? it 
guarantees faithful reproduction. 

1. All-welded construction provides a combination of 
ruggedness, resistance to vibration, amd precision 
operation. 

2. Rigidity built into the torch-bearing pantograph 
arms enables the torch bar to support @ uniform 
load of 500 Ibs! 

3. Perfectly-balanced when properly set 6m 16 fails. 

4. Ball bearings in the hinge joints maké it @xtremely 
smooth operating. 


TRAVOGRAPH 


GAS CUTTING MACHINE 


For greatest operating flexibility, the new No. 50 Travo- 
graph can be equipped with three distinctly different tracing 
devices—manual, magnetic, or the full-automatic “Electronic 
Bloodhound”. The “Electronic Bloodhound” needs only an 
outline drawing or silhouette to cut the most intricate shapes 
smoothly, sharply, quickly ... and with extreme accuracy. 

If your production line requires quantity flame shaping 
operations . . . and if close precision cutting would lower 
your finish-machining costs .. . it will pay you to investigate 
Airco’s new No. 50 Travograph. For complete information 
write your neerest Airco office for the new catalog just com- 
ing off the press. 
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